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FOREWORD 

This  is  the  fourth  of  six  volumes  which  record  aspects  of  the  planning,  financing,  design, 
construction,  and  operation  of  the  California  State  Water  Project.  The  subjects  of  the  other 
volumes  are:  Volume  I,  History,  Planning,  and  Early  Progress;  Volume  II,  Conveyance  Facilities; 
Volume  III,  Storage  Facilities;  Volume  V,  Control  Facilities;  and  Volume  VI,  Project  Supple- 
ments. 

The  State  Water  Project  conserves  and  distributes  water  to  much  of  California's  population  and 
irrigated  agriculture.  It  also  provides  electric  power  generation,  flood  control,  water  quality 
control,  new  recreational  opportunities,  and  enhancement  of  sports  fisheries  and  wildlife  habitat. 

Construction  of  the  first  phase  of  the  State  Water  Project  was  completed  in  1973.  The  $2.3 
billion  reimbursable  cost  is  being  repaid  by  the  water  users  and  other  beneficiaries.  It  is  expected 
that  another  $0.7  billion  will  be  spent  during  the  next  decade  to  construct  authorized  facilities 
for  full  operation. 

This  volume  summarizes  the  project  power  and  pumping  facilities.  It  describes  the  civil, 
mechanical,  and  electrical  features  of  the  plants,  discharge  lines,  penstocks,  outlet  works,  and 
intake  structures.  Geological  conditions  at  each  site  are  discussed  and  construction  highlights  are 
presented. 


John  R.  Teerink,  Director 
Department  of  Water  Resources 
The  Resources  Agency 
State  of  California 
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ABSTRACT 


The  power  and  pumping  plants  of  the  State  Water  Project  are  discussed  in  this 
volume.  Five  power  plants  (four  of  which  are  pumping-generating  plants)  and  13 
pumping  plants  are  now  in  operation.  One  power  plant  is  in  the  design  phase.  Other 
plants  are  planned  but  not  included  in  the  discussion  of  the  individual  plants  presented 
in  this  volume.  Three  of  the  plants  were  designed  and  constructed  by  other  agencies. 
Two  of  these  were  partially  funded  by  the  Department  of  Water  Resources  as  part  of 
the  Project,  and  the  Department  also  is  the  operator  of  these  facilities.  The  wide 
divergence  in  heads,  flows,  speeds,  horsepower,  and  kilowatt  ratings  of  various  plants 
are  presented  in  tabular  form  for  ease  of  comparison.  The  plants  are  located  through- 
out the  Project  over  a  distance  of  about  550  miles. 

Equipment,  systems,  criteria,  and  codes  common  to  all  plants  are  discussed  initially 
to  avoid  repetition  in  individual  plant  coverage.  The  more  interesting  and  unique 
aspects  of  the  design  and  construction  details  of  each  plant  are  discussed  under  the 
appropriate  headings.  Included  are  descriptions  of  structures,  architectural  treatment, 
discharge  lines  and  penstocks,  site  geology,  and  equipment.  Construction  activities  are 
also  included. 

The  volume  is  written  in  the  language  of  engineers  and  engineering  geologists 
engaged  in  design  and  construction  activities  throughout  project  development.  Highly 
technical  discussions  and  extensive  details  are  avoided  in  an  attempt  to  interest  the 
largest  cross  section  of  readers.  Design  analyses  and  alternatives  studied  generally  are 
included  whenever  they  are  related  to  major  decisions  and  unusual  physical  features. 
Difficulties  which  arose  during  construction  or  after  start  of  operations  also  are  dis- 
cussed. These  difficulties  probably  were  no  greater  or  less  than  encountered  by  others 
involved  in  similar  major  projects. 

Consulting  firms  and  boards  were  selected  and  retained  by  the  Department  to 
provide  broad  experience  and  expertise  in  several  areas  of  project  work.  Extensive 
model-testing  programs  designed  to  ensure  appropriate  and  economic  design  were 
utilized  and  supervised  by  the  Department. 
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Figure   1.     Location  Map — State  Water  Project 
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CHAPTER  I.     GENERAL 


Introduction 

The  design  and  certain  characteristics  of  State  Wa- 
ter Project  power  and  pumping  plants  followed  com- 
mon criteria  and  design  standards.  These  common 
criteria  and  design  standards  are  the  subject  of  this 
chapter.  General  information  on  the  various  plants  of 
the  Project  is  presented  in  Table  1.  Design  and  condi- 
tions unique  to  individual  plants  are  discussed  in 
subsequent  chapters. 


Civil  Features 
General 

The  location  (Figure  1)  and  layout  of  each  power 
and  pumping  plant,  including  buildings  and  water- 
ways, were  determined  on  the  basis  of  hydraulic  and 
plant  equipment  requirements,  site  and  local  founda- 
tion conditions,  and  structural  stability.  In  most  cases, 
the  final  plant  location  was  determined  by  establish- 
ing the  point  of  economic  balance  between  the  cost  of 


TABLE   1.     Plant  Data 


Plant 


Edward  Hyatt 

Thermalito 

Xorth  Bay  Interim. 


South  Bay 
1st  Stage.. 

2nd  Stage. 


Del  Valle. 
Delta 


San  Luis4 

Dos  Amigos'1 


Buena  Vista 

Wheeler  Ridge. 
Wind  Gap 


A.  D.  Edmonston. 
Las  Perillas 


Badger  Hill. 


Pearblossom. 


Devil  Canyon. 
Oso 


Castaic0 


Pyramid7 

Cottonwood7. 


Number 

of 

units 


Pump 

unit 

capacity 

(cubic  feet 

per  second) 


1,870 
3,000 


7.S 
9.6 

15 

30 

45 

45 

15/30 

350 

1,067 

1,375 

2,200 

200/2,200 

316 

631 

328 

657 

315 

630 

315 

38 

112 

112 

38 

112 

112 

138 

276 


157 
625 


Plant 

pumping 

capacity 

(cubic  feet 

per  second) 


5,610 
9,000 
32.! 

105 
225 

120 
10,303 

11,000 
13,200 

5,365 

4,926 

4,725 

4,410 
450 

450 

1,380 

3,128 
17,300 


Motor 

rating 

(horsepower) 


173,000 

40,000 

350 
450 
500 

1,250 

2,500 

4,000 

3,500 

250 

11,250 

34,500 

63,000/34,000 

40,000 

40,000 

8,500 

17,000 

10,000 

20,000 

22,000 

44,000 

80,000 

350 

1,000 

1,000 

1,000 

3,000 

2,750 

11,600 

22,500 


4,700 

18,750 

350,000 


Unit 
speed 
(rpm) 


189.5 
200 
112.5 
138.5 

1,775 
1,775 
1,775 

1,200 
900 
900 

900 

360/7203 

400 

225 
150/120 

120 

120 

360 

257 

400 

277 

514 
360 
600 
720 
450 
600 
900 
514 
600 
720 
514 
277 
600 
300 
257 
225 
300 
200 


Generator 
rating 
(MVA) 


115.0 
123.2 
30.6 
34.3 


53.0/34.0 


Normal 

static  head 

(feet) 


63.0 


250.0 
70.0 
82.6 
18.0 


410/676 

85/102 

320 

566 

545 

0/3  S 
244 

99/327 
113 

205 

233 

518 

1,926 

55 


540 

1,368/1,433 
231 

830/1,098 

699/757 
138/144 


Penstock  or 

discharge  line 

diameter 

(feet) 


2  @22' 

3  @  21' 
1  @24' 
1®2' 


1  @  4.5' 
1  @  5.5' 

1@5' 
1  ©13.5' 
4®  15' 

4  ®  17.5' 
6®  18' 

8®  9' 

7®  9' 

1  ®  9.5' 
3  @  12.5' 

2  ©  12.5'  to  14' 
2  ®  6.5' 

2  ©  6.5' 

2  ©9' 

1  ©  9.5'  to  S' 

5  ©9' 

6  ©  13.5'  to  V 
1  ©  7'  to  5' 
2©  12' 

1  ©11' 


L  Motor-generator 

1  Generator 

1  Direct-current  motor  with  speed  control 

1  Cooperative  development  with  U.S.  Bureau  of  Rcclamati( 


■  Deriaz  pur 


development  with  City  of  I-os  Angeles,  Depar 


the  required  excavation  versus  cost  of  penstocks  or 
discharge  lines,  including  an  estimated  cost  of  head 
loss. 

All  plants,  with  exception  of  the  North  Bay  Interim 
Pumping  Plant,  are  indoor  type.  The  indoor  type  of 
plant  was  selected  based  on  economic  studies  which 
concluded:  (1)  electrical  equipment  would  be  less  ex- 
pensive because  weatherproofing  of  all  controls,  ter- 
minals, and  connections  would  not  be  required;  (2) 
electrical  equipment  would  be  installed  in  af  dust-free 
controlled  environment  which  would  prolong  its  life; 
and  (3)  cost  of  maintenance  is  less  with  an  indoor 
plant  because  equipment  maintenance  can  be  sched- 
uled irrespective  of  weather  conditions. 

Architecture 

All  plants  conform  to  the  State  Water  Project  archi- 
tectural motif  established  in  January  1°64  (see  Vol- 
ume VI  of  this  bulletin).  Exceptions  are  San  Luis 
Pumping-Generating  Plant  and  Dos  Amigos  Pump- 
ing Plant  which  were  built  by  the  U.S.  Bureau  of 
Reclamation  and  Castaic  Powerplant  built  by  the  City 
of  Los  Angeles,  Department  of  Water  and  Power. 

Architectural  finishes  are  used  commensurate  with 
the  functions  performed  in  specific  areas.  Liquid  floor 
hardeners  were  applied  to  stairways  and  in  rooms 
with  electrical  or  mechanical  equipment  which  can  be 


affected  by  dust.  Polyester  terrazzo  was  used  in  oil 
rooms,  the  main  floor,  and  toilet  rooms.  Vinyl  asbestos 
tile  was  applied  on  floors  in  control  rooms,  offices,  and 
automatic  equipment  rooms.  On  other  floors,  the  con- 
crete was  not  treated. 

The  substructure  walls  are  either  reinforced  con- 
crete or  concrete  block.  The  superstructure  walls  are 
either  precast  concrete  panels  or  lightweight  metal 
panels.  The  latter  are  used  at  plants  located  in  areas  of 
greater  seismic  activity.  Lower  superstructure  walls 
are  concrete  block  to  provide  a  greater  resistance  to 
abuses.  The  lightweight  metal  walls  are  lined  on  the 
inside  with  insulated,  perforated,  metal  panels  to  aid 
in  noise  control. 

Acoustical  plaster  ceilings  are  provided  in  the  con- 
trol room  and  offices  to  reduce  the  noise  level  in  these 
areas.  Gypsum  plaster  was  used  in  the  toilet  rooms.  In 
all  other  areas,  plain  concrete,  painted  concrete,  or 
metal  decking  was  used. 

Structures 

A  typical  plant  structure  is  shown  on  Figure  2. 
Plant  structures  are  composed  essentially  of  concrete 
and  steel.  Substructures  for  buildings  are  reinforced 
concrete  and  superstructures  are  structural  steel  with 
concrete  block  and  sandwich-type  metal  panels  or  pre- 


Figure  2.    Typical  Plant  Structure — Wind  Gap  Pumping  Plant 


cast  concrete  panels.  Rigid  steel  frames  were  used  in 
order  to  minimize  time  required  for  construction  of 
the  superstructure  and  to  provide  for  early  installa- 
tion of  the  bridge  crane  needed  to  handle  machinery 
and  equipment. 

Plant  substructures  were  constructed  in  two  stages. 
The  first  stage  included  all  the  concrete  required  to 
form  the  main  skeleton  of  the  building.  Blockouts 
were  provided  in  the  first-stage  concrete  for  place- 
ment of  draft  tubes  or  suction  elbow  liners,  valves, 
pumps  or  turbines,  and  motors  or  generators.  Second- 
stage  concrete  was  used  to  embed  and  support  this 
equipment. 

To  eliminate  excessive  stress  buildup  in  the  longitu- 
dinal direction,  the  plant  structures  are  divided  into 
individual  monoliths  by  expansion  joints.  Differential 
settlement  of  individual  monoliths  is  prevented  by 
concrete  shear  keys  in  these  joints.  Construction  joints 
were  used  to  facilitate  placement  of  concrete.  Water 
intrusion  into  the  plant  at  the  expansion  joints  is  pre- 
vented by  two  PVC  waterstops  with  a  formed  drain 
between  them.  Formed  drains  are  connected  through 
the  plant  internal  drainage  system  to  the  dewatering 
sump. 

Substructure 

The  substructures  are  reinforced  concrete  and  con- 
sist mainly  of  heavy  structural  elements:  walls,  slabs, 
beams,  and  pilaster  columns.  Generally,  the  substruc- 
tures are  classified  as  shear  wall  type,  rigid  with  little 
or  no  frame  action.  Their  natural  periods  of  vibration 
are  short,  and  seismic  forces  are  transmitted  from  the 
foundation  and  backfill  with  little  amplification. 
Structural  design  of  individual  components  was  car- 
ried out  using  the  "working-stress"  method.  The 
amount  of  reinforcing  steel  was  based  on  computed 
stresses,  control  of  shrinkage,  and  volumetric  changes 
of  concrete. 

The  overall  length  of  a  plant  and  the  length  of  each 
monolith  were  determined  by  space  requirements  for 
pump  or  turbine  units  and  size  and  geometry  of  the 
water  passages.  These  dimensions  were  adjusted  to 
allow  maximum  standardization  of  structural  frames 
and  other  portions  of  the  building. 

Superstructure 

The  primary  function  of  the  superstructure  is  to 
shelter  the  equipment  and  support  the  bridge  crane 
used  for  installing  and  maintaining  the  plant  equip- 
ment. The  structural  steel  consists  of  welded  steel 
frames  with  rigid  connections.  Each  frame  column  is 
anchored  to  the  substructure  with  high-strength  an- 
chor bolts. 

Lower  portions  of  the  exterior  walls  are  grouted 
reinforced-concrete  blocks.  Remainder  of  the  exterior 
walls,  with  a  few  exceptions,  are  metal  sandwich-type 
panels,  spanning  vertically.  The  sandwich  is  made  of 
a  decorative  exterior  panel  and  a  perforated  interior 
panel,  with  fiberglass  insulation  between  them.  Rein- 


forced-concrete  panel  walls  were  used  in  four  plants: 
Edward  Hyatt  and  Thermalito  Powerplants  and  Del- 
ta and  Del  Valle  Pumping  Plants. 

Superstructure  columns  support  the  crane  runway. 
Rails  extend  the  full  length  of  the  runway  and  are  held 
in  place  by  clips  which  allow  longitudinal  movement. 
Crane  runway  girders  are  discontinuous  at  expansion 
joints,  and  rocker  bearings  allow  for  bending  rotation 
at  the  supports. 

A  composition-type  roof  is  supported  by  a  dia- 
phragm of  steel  T-decking  which  is  intermittently 
welded  around  the  perimeter  of  each  panel,  at  all  sup- 
ports, and  between  each  T-section.  The  diaphragm 
was  designed  to  carry  lateral  loads  to  the  structural 
frame. 

Stability 

Stability  analysis  was  made  after  the  general  ar- 
rangement of  the  plant  was  determined.  Failure 
modes  investigated  included  uplift,  overturning,  hori- 
zontal sliding,  failure  of  foundation  material  in  shear, 
and  slip-circle  failures.  These  modes  were  investigat- 
ed for  several  conditions  including  construction, 
earthquake  forces,  as  well  as  nonoperating  and  operat- 
ing load  conditions.  For  each  failure  mode,  the  De- 
partment of  Water  Resources  set  requirements  for 
appropriate  design  safety  factors. 

Vertical  forces  considered  in  stability  analysis  were 
the  dead  weight  of  the  structure,  equipment  weights, 
supported  weights  of  earth  and  water,  and  uplift.  The 
weight  of  movable  equipment,  such  as  crane  loads  and 
heavily  loaded  trucks,  were  included  only  where  such 
loads  decreased  the  stability  of  the  structure. 

Horizontal  forces  included  pressures  due  to  head- 
water, tailwater,  earth,  wind,  and  earthquakes.  Forces 
due  to  waves  also  were  included  when  the  fetch  was 
great  enough  to  cause  waves.  Water  pressure  in  the 
penstocks  or  discharge  lines  was  included  as  hydraulic 
thrust.  Wind  and  earthquake  forces  were  applied  un- 
der appropriate  combinations  of  loading. 

Soil  strength  parameters  used  in  the  analyses  repre- 
sented conservative  values  derived  from  tests  of  speci- 
mens obtained  from  borings  at  appropriate  locations 
and  depths.  Applicable  soil  tests  were  made  for  each 
plant. 

Design  Loads 

All  structures  were  designed  to  withstand  max- 
imum dead,  live,  hydrostatic,  wind,  or  earthquake 
loads.  Dead  loads  considered  in  the  design  consisted  of 
the  weight  of  the  structure,  including  walls,  floors, 
partitions,  roofs,  and  permanent  equipment.  Live 
loads  included  mobile  equipment,  stored  materials, 
personnel  and  other  moving  objects,  cranes  and  their 
loads,  snow,  and  construction  loads. 

Live  Loads.  Floors  generally  were  designed  for  an 
assumed  uniform  load,  with  additional  provisions  for 
large  concentrated  loads  in  designated  areas.  The  as- 
sumed load  was  based  on  the  functional  requirements 


and  the  ratio  of  dead  to  live  loads.  Distribution  of 
heavier  loads  over  the  floor  was  based  on  the  following 
guidelines: 

1.  Methods  normally  used  in  structural  design  for 
distributing  concentrated  loads. 

2.  Standard  specifications  for  Highway  Bridges, 
American  Association  of  State  Highway  Officials,  Di- 
vision III,  Section  3,  were  used  as  standards  for  dis- 
tributing wheel  loads  to  slabs,  beams,  and  girders.  The 
H-20,  standard,  motor-truck  loading  was  used  for  the 
design  of  gantry  decks  and  similar  areas. 

Installation,  erection,  and  maintenance  conditions 
as  well  as  impact  and  vibration  also  were  taken  into 
account. 

Impact.  Design  of  each  plant  considered  the  dy- 
namic effect  of  moving  loads  to  which  structural 
members  may  be  subjected.  For  ordinary  conditions 
the  impact  factor,  i.e.,  the  multiplier  to  produce  the 
total  load  for  which  all  members  were  designed,  was: 


Frames   supporting   elevators   and    hoisting 
apparatus _ 


Slabs,  beams,  or  frames  supporting  moving 
hiehwa  v  vehicles 


Impact 
factor  (percent) 


100 
10 


Crane  Loads.  The  maximum  crane  capacity  dif- 
fers from  plant  to  plant.  Preliminary  information  was 
used  for  the  weight  and  wheel  spacing.  Maximum 
wheel  loads  were  computed  from  the  dead  load  of  the 
crane  and  trolleys,  plus  its  rated  live  load,  with  the 
load  in  position  to  produce  maximum  reaction.  These 
were  later  compared  and,  if  necessary,  corrected  in 
accordance  with  information  furnished  by  the  crane 
manufacturers. 

Lateral  force  loads  induced  by  trolley  movement 
were  taken  as  10%  of  the  trolley  weight  and  the  full 
capacity  of  its  main  hook,  equally  distributed  to  each 
rail.  Likewise,  10%  of  the  wheel  loads,  with  the  fully 
loaded  crane  in  a  position  which  would  cause  max- 
imum wheel  loads,  was  used  as  a  longitudinal  force 
induced  by  crane  movement.  A  10%  impact  allowance 
was  added  to  these  loads. 

Wind  Loads.  Provision  for  stresses  caused  by 
wind  were  also  incorporated  in  design.  The  design 
wind  pressure  varied  between  15  and  35  pounds  per 
square  foot  on  the  exposed  vertical  surfaces  at  differ- 
ent plants,  depending  on  their  geographical  location. 

Earthquakes.  Design  considerations  for  struc- 
tures located  in  regions  subject  to  seismic  activities 
included  provisions  for  earthquake  stresses.  Earth- 
quake design  criteria  are  described  later  in  this  chap- 
ter. 


Live  Load  Reduction.  Unit  live  load  reduction 
was  permitted  under  certain  loading  conditions. 
Beams,  girders,  trusses,  columns,  and  footings  have  a 
reduction  of  10%  in  unit  live  load  where  the  support- 
ed area  is  between  200  and  300  square  feet  and  20% 
where  the  supported  area  is  larger  than  300  square 
feet.  No  reduction  was  allowed  for  storage  and  erec- 
tion areas. 

Design  of  columns  in  multistoried  bays  permits  a 
further  reduction  in  floor  live  load.  It  included  total 
dead  load,  roof  load,  and  a  portion  of  the  total  specified 
floor  live  load  above  the  column  in  question.  Live  load 
reduction  is  given  in  the  following  table: 


Numbers  of  floors  carried  by  column 

Portion  of  live 
load  on  column 

1 

1.00 

2_„. 

0.9S 

3.... 

0.90 

4...  

0.85 

0.80 

0.75 

Dynamic  Loads.  Dynamic  loads  generated  by  ma- 
jor equipment  during  operation  of  the  plant  are  trans- 
mitted to  the  structure  through  the  bearings  and  sole 
plates.  These  loads  were  secured  from  the  manufac- 
turers and  subsequently  used  in  the  analysis  of  the 
substructure.  Also,  the  effect  of  hydraulic  transients 
(water  hammer),  caused  by  operation  of  the  penstock 
or  discharge  line  valves  or  wicket  gates,  was  included 
in  the  design. 

Earth  Pressures.  Static  earth  pressure  and  dy- 
namic earth  pressure  caused  by  an  earthquake  were 
considered.  Because  of  the  rigidity  of  the  plant  struc- 
tures, the  minimum  static  lateral  pressures  were  as- 
sumed to  be  at  least  equal  to  "at  rest"  pressures  (see 
Bibliography). 

Temperature.  Changes  in  stresses  due  to  expan- 
sion and  contraction  caused  by  rise  and  fall  of  ambient 
temperature  were  included  in  the  analysis  of  impor- 
tant elements  of  the  structure.  Temperature  stresses 
in  massive  substructures  of  the  plant  are  controlled  by 
expansion  joints  placed  between  monoliths  and  use  of 
construction  joints  at  designated  places  within  each 
monolith. 

Water  Pressure.  The  ground  water  table  in  the 
structural  backfill  around  the  plants  (with  exception 
of  two  plants)  was  assumed  to  be  at  the  same  level  as 
the  water  surface  in  a  forebay  of  a  pumping  plant  or 
in  an  afterbay  of  a  power  plant.  Therefore,  backfill 
always  is  considered  to  be  fully  saturated  and  the  wa- 
ter pressure  is  accounted  for  under  both  static  and 
dynamic  load  conditions. 


Vibration.  The  substructures  of  all  plants  are 
heavy,  and  the  ratio  of  concrete  mass  surrounding  the 
main  units  to  the  rated  capacity  of  the  generators  or 
motors  exceeds  the  minimum  values  commonly  ac- 
cepted in  practice.  Vibration  was  not  considered  to 
require  special  attention. 

Design  Criteria 

Codes  and  Standards.  Applicable  editions  of  the 
following  codes  and  standards  were  used  for  design: 

1.  American  Concrete  Institute  (ACI) 

a.  "Building  Code  Requirements  for  Reinforced 
Concrete" 

b.  "Manual  of  Standard  Practice  for  Detailing 
Reinforced  Concrete  Structures" 

2.  American     Institute     of     Steel     Construction 
(AISC) 

a.  "Manual  of  Steel  Construction" 

b.  "Specification  for  the  Design,  Fabrication 
and  Erection  of  Structural  Steel  for  Build- 
ings" 

3.  American   Society   for   Testing   and   Materials 
(ASTM) 

a.  Pertinent  ASTM  standards 

4.  American  Welding  Society  (AWS) 

a.  "Code  for  Welding  in  Building  Construction" 
D  1.0-66 

5.  Pacific  Coast  Building  Association 
a.  "Uniform  Building  Code" 

6.  American  Association  of  State  Highway  Offi- 
cials 

a.  "Standards  Specifications  for  Highway 
Bridges" 

7.  Federal 

a.  U.  S.  Bureau  of  Reclamation's  standards 

b.  U.  S.  Army  Corps  of  Engineers'  standards 

8.  California  Division  of  Industrial  Safety 
a.  Safety  orders 

Structural  Concrete.  Structural  concrete  was  de- 
signed and  detailed  under  ACI  318  and  315  published 
by  the  American  Concrete  Institute.  The  minimum 
compressive  strength  of  concrete  at  28  days  was  3,000 
pounds  per  square  inch  (psi),  and  the  allowable  de- 
sign stress  was  1,350  psi.  All  design  was  based  on 
working  stress  analysis.  Minimum  compressive 
strength  was  4,000  psi  at  28  days  for  concrete  used  in 
temporary  concrete  bulkheads. 

Reinforcing  Steel.  The  reinforcing  steel  was  in- 
termediate-grade billet  steel.  Design  stresses  of  20,000 
psi  were  used  for  tension,  and  16,000  psi  compression 
was  used  for  vertical  column  reinforcement. 

Structural  Steel.  Design  of  structural  steel,  using 
working  stress  method,  was  based  on  the  AISC  "Spec- 
ification for  the  Design,  Fabrication  and  Erection  of 


Structural  Steel  for  Buildings",  published  by  the 
American  Institute  of  Steel  Construction.  Modulus  of 
elasticity  of  steel  was  29,000,000  psi  and  the  coefficient 
of  expansion  .0000065  per  degree  Fahrenheit.  Struc- 
tural steel  conformed  to  ASTM  A36.  Bolted  connec- 
tions were  made  with  A325  high-strength  bolts  and 
specified  as  friction  type.  Welded  connections  con- 
formed to  American  Welding  Society  "Code  for  Weld- 
ing in  Building  Construction". 

Earthquake  Design 

Recognizing  the  fact  that  many  State  Water  Project 
facilities  would  be  located  in  the  most  seismically  ac- 
tive regions  in  California,  the  Department  formed  the 
Consulting  Board  for  Earthquake  Analysis  consisting 
of  prominent  experts  in  the  field  of  seismology,  geol- 
ogy, structural  engineering,  and  soil  mechanics  to 
evaluate  possible  earthquake  hazards  to  the  Project 
and  to  recommend  seismic  design  criteria.  Based  upon 
a  study  of  large  California  earthquakes,  the  Board  sub- 
mitted a  report  to  the  Department  on  November  19, 
1962,  containing  recommendations  and  design  criteria 
for  the  design  of  all  principal  project  features.  These 
criteria  subsequently  were  updated  by  this  Board. 
Recommendations  by  the  Board  and  criteria  applying 
to  the  design  of  major  power  and  pumping  plants 
were  as  follows: 

1.  The  San  Andreas  and  San  Jacinto  faults  are 
recognized  as  the  most  probable  source  of  damaging 
earthquakes. 

2.  It  is  assumed  that  large  earthquakes  will  cause 
ground  shaking  that  will,  in  the  vicinity  of  the  fault, 
have  a  maximum  horizontal  acceleration  of  0.50g,  and 
a  maximum  vertical  acceleration  of  0.33g,  with  a  dura- 
tion of  strong  shaking  of  60  seconds. 

3.  Rigid  structures  with  a  natural  period  of  vibra- 
tion approaching  zero  will  be  subjected,  independent 
of  damping,  to  an  acceleration  equal  to  maximum 
ground  acceleration  (see  average  acceleration  spec- 
trum curve  Figure  3).  Power  and  pumping  plant  sub- 
structures and  other  structures  which  have  more  than 
3%  critical  damping  and  a  natural  period  of  less  than 
0.15  seconds  fall  in  this  category  and  therefore  will  be 
subjected  to  a  maximum  uniform  horizontal  accelera- 
tion of  0.5g,  and  a  maximum  vertical  acceleration  of 
0.3 3g,  within  the  distance  of  approximately  12  miles 
from  the  two  given  faults. 

4.  Structures  with  a  natural  period  of  vibration  ex- 
ceeding 0.15  seconds  may  be  subjected  to  acceleration 
exceeding  maximum  ground  acceleration.  It  is  appro- 
priate to  design  these  structures  on  the  basis  of  spec- 
trum curves  (Figures  3  and  4)  using  appropriate 
factors  of  safety.  (Figure  4  should  be  used  to  read  the 
numerical  values.) 

5.  It  is  assumed  that  ground  motion  will  be  of  uni- 
form intensity  (acceleration  0.5g)  over  a  distance  of 
approximately  12  miles  on  each  side  of  the  fault.  For 
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Figure  3.      Average    Acceleration    Spectrum    Curves — Average    Velocity 
Spectrum — Attenuation  Factor  for  Ground  Acceleration 
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Figure   4.      Average  Spectrun 


points  farther  than  12  miles  from  the  fault,  ground 
motion  for  periods  less  than  4  seconds  will  attenuate 
in  accordance  with  the  attenuation  factor  given  on 
Figure  3.  For  periods  greater  than  4  seconds,  the  inten- 
sity of  ground  shaking  can  be  considered  uniform  for 
distances  considerably  in  excess  of  12  miles  from  the 
fault  (possibly  100  miles  or  more),  and  attenuation 
with  distance  is  substantially  less  than  that  given  by 
the  formula  in  Figure  3. 

6.  For  sites  founded  on  sound  rock,  the  intensity  of 
ground  shaking  may  be  reduced,  but  each  site  should 
be  considered  a  special  case  and  reduction  should  be 
applied  with  caution. 

7.  For  the  design  earthquake,  ground  motion  gov- 
erns the  short  period  design  at  sites  within  12  miles  of 
the  San  Andreas  and  San  Jacinto  faults  but,  at  greater 
distances,  it  is  possible  that  ground  shaking  from  a 
close  small  earthquake  may  be  potentially  more  dam- 
aging than  a  distant  large  earthquake. 

Design  Spectra.  Response  spectrum  values  for 
ground  motion  inputs  of  a  specific  intensity  are  ran- 
domly distributed;  i.e.,  two  inputs  having  the  same 
intensity,  same  duration,  and  same  peak  acceleration 
may  have  different  spectrum  values.  A  sufficiently 
large  number  of  such  inputs  was  considered  satisfac- 
tory to  define  the  frequency  distribution  of  spectrum 
values.  Figure  3  shows  the  average  acceleration  spec- 
trum curves  for  damping  values  ranging  from  0.5%  to 
20%.  These  spectrum  curves  were  used  in  design  of 
power  and  pumping  plants.  Applicable  spectrum 
curves  and  judicious  selection  of  allowable  stresses  in 
concrete  and  steel  reflect  a  safe  approach  to  the  design 
of  major  hydroelectric  plants  in  seismically  active  re- 
gions. Use  of  average  acceleration  spectrum  curves 
and  allowable  design  stresses  relating  to  the  ultimate 
strength  of  the  material  with  so-called  "ultimate"  val- 
ue being  represented  by  the  lower  bound  of  the  true 
failure  stress  is  considered  to  be  satisfactory  for  safe 
design. 

The  most  important  information  needed  to  study 
dynamic  characteristics  of  a  structural  system  in- 
volves the  determination  of  the  natural  frequency  and 
damping  characteristics.  This  can  be  accomplished  by 
forced  vibration  testing  of  models,  testing  of  existing 
structures,  and  mathematical  methods.  However,  it  is 
readily  apparent  that  substructures  of  major  power 
and  pumping  plants  have  a  natural  period  of  vibration 
approaching  zero,  and  their  acceleration  caused  by  an 
earthquake  approaches  the  ground  acceleration.  De- 
sign of  substructures  was  based  on  this  assumption. 
Design  of  superstructures  was  based  on  the  accelera- 
tion values  obtained  from  the  spectrum  curves. 

Effect  of  Dynamic  Loads.  The  effect  of  dynamic 
loads  was  approximated  by  the  appropriate  choice  of 
equivalent  static  forces.  These  equivalent  loads  are 
governed  by  the  dynamic  behavior  of  the  structure 
and  the  effects  of  backfill  material  and  the  water  sur- 


rounding  it.  The  main  effects  of  dynamic  loads  in- 
clude: 

1.  Increased  lateral  soil  pressures  on  the  substruc- 
ture. 

2.  Hydrodynamic  pressures  on  the  substructure. 

3.  Increased  foundation  pressures. 

4.  Additional  loads  on  the  plant  superstructure  and 
substructure  due  to  horizontal  and  vertical  accelera- 
tion. 

5.  Dynamic  loads  on  the  main  and  auxiliary  equip- 
ment and  supporting  structures. 

6.  Decreased  slope  stability  of  cuts  and  fills. 

Special  Design  Considerations.  Public  safety  and 
financial  losses  due  to  interrupted  water  and  power 
service  resulting  from  damage  to  a  plant  caused  by  an 
earthquake  justify  the  use  of  seismic  design  criteria. 

Seismicity  and  foundation  conditions  have  a  signifi- 
cant effect  on  design  and  construction  of  major  hydro- 
installations.  It  is  evident  from  research  and  the  ob- 
served behavior  of  existing  structures  that  the  increase 
in  loads  during  an  earthquake  depends  mainly  on  the 
characteristics  of  the  earthquake,  geologic  features  of 
the  area,  local  foundation  conditions,  and  dynamic 
response  characteristics  of  the  structure. 

Because  plants  normally  are  massive  reinforced- 
concrete  structures  with  heavy  shear  walls,  the  incre- 
mental cost  of  construction  required  by  earthquake 
resistant  design  is  quite  small.  The  cost  is  considered 
to  be  a  sound  investment  for  safety  and  the  operation- 
al reliability  of  the  project. 

Earthquake-resistant  design  depends  on  the  specific 
function  of  a  structure.  Major  power  and  pumping 
plants  are  designed  to  survive  the  anticipated  earth- 
quake without  appreciable  functional  or  structural 
damage. 

Other  special  design  considerations  which  pertain 
to  the  plants  are: 

Plant  Substructure.  All  plants  are  subjected  to  hy- 
drostatic pressures  and  were  designed  to  be  essentially 
watertight.  No  structural  cracks  are  permitted  in  the 
substructure;  however,  slight  cracking  can  be  tolerat- 
ed and  a  small  amount  of  leakage  can  be  taken  care  of 
by  the  internal  drainage  system. 

Plant  Superstructure.  Most  of  the  plant  super- 
structures were  constructed  of  rigid  steel  frames. 
Their  design  was  based  on  spectral  response  curves 
because,  in  some  cases,  the  response  of  the  superstruc- 
ture during  an  earthquake  will  exceed  that  of  the 
ground  acceleration.  Considering  ductility  of  the  steel 
in  such  cases,  the  allowable  steel  stresses  are  permitted 
to  exceed  1.33  times  the  ordinary  building  code  value; 
however,  a  moderate  margin  below  the  yield  stress  is 
maintained. 

Penstock  and  Discharge  Line  Articulation.  A  pos- 
sibility of  displacement  and  rocking  of  plant  struc- 
tures during  a  major  earthquake  was  considered. 
Permanent  displacements  are  more  likely  to  occur  on 
the  alluvial  foundations  and  their  effects  may  be  com- 


pounded by  foundation  rebound,  consolidation,  or 
both.  Articulation  has  been  provided  for  plants  where 
displacement  was  considered  possible.  This  articula- 
tion allows  rotational  movement  as  well  as  horizontal 
and  vertical  displacements  between  the  plant  struc- 
ture and  the  conduit,  thus  precluding  a  rupture  of  the 
latter.  Penstock  articulation  for  Devil  Canyon  Power- 
plant  (Figure  5)  is  typical.  Should  major  leakage  re- 
sult from  excessive  movement  of  the  articulation 
"spool"  (conduit  segment),  water  would  drain 
through  the  watertight  gallery  and  subsequently  be 
discharged  into  the  afterbay.  Such  galleries  have  been 
provided  at  plants  located  in  areas  of  high  seismicity 
to  prevent  flooding  of  the  plant  and  equipment. 


Figure  5.     Penstock  Articulation 

Plant  Equipment.  Recommended  seismic  design 
criteria  apply  equally  to  design  of  plant  equipment. 
Since  some  of  the  equipment  furnished  under  earlier 
contracts  was  inadequate  in  strength,  the  Department 
has  taken  appropriate  measures  to  render  it  more  re- 
sistant to  seismic  forces.  Most  of  the  modifications 
were  required  in  the  electrical  equipment,  switch- 
yards, cabinets,  and  other  auxiliary  equipment.  Major 
equipment,  including  turbines,  pumps,  generators, 
and  motors,  was  found  to  be  inherently  strong  enough 
to  sustain  earthquake  forces.  It  is  noted  that  prior  to 
recent  earthquakes,  design  of  this  type  of  equipment 
to  withstand  large  earthquake  ground  motions  with- 
out damage  was  not  common  in  the  industries'  "state- 
of-the-art." 

Typical  Steel  Specifications  for  Penstocks  and 
Discharge  Pipelines 

Steel  manifolds,  steel  penstocks,  and  discharge  pipe- 
line systems  were  individually  designed  and  fabricat- 
ed from  steel  plate.  Properties  of  steel  plates 
conformed  to  ASTM  specifications,  as  influenced  by 
requirements  for  plate  thicknesses,  welding  proce- 
dures, and  availability  of  materials. 

The  following  ASTM  steel  grades  were  used: 


A283,  Grade  C 
A285,  Grade  C 
A516,  Grade  65 


A441 

A537,  Grade  A 

A572,  Grade  C45 


The  A285,  A516,  and  A537  specifications  are  for 
pressure-vessel-quality  steel  plates.  Pressure-vessel 
quality  is  used  at  power  and  pumping  plants,  while 
long  conveyance  pipelines  generally  use  the  structural 
grade. 

Additional  tests  for  quality  control  by  the  Charpy 
Impact  Method  were  made  on  AS37  steel  to  check  the 
relative  resistance  of  these  plates  to  brittle  cracking. 
Since  these  tests  are  influenced  by  heat,  samples  were 
held  at  the  minimum  temperature  expected  on  the 
prototype.  Minimum  impact  value  was  15  foot-pounds 
at  the  specified  temperature. 

Typical  design  stresses  for  these  steels  were: 

Loading 

Condition  Primary  Locations 

Normal  f,  =  lesser  of  '/,  fy 

or  '/,  f0 
Emergency         fs  =  lesser  of  %  fy 

or  y2  f„ 
Pressure  fs  =  0.75  to  0.90  fy 

test 

where  fs  =  maximum  allowable  fiber  stresses  in  steel; 
fy  =  minimum  specified  yield  point  stress;  and 
fu  =  ultimate  stress  as  given  in  ASTM  specification  or 
as  otherwise  determined. 

Primary  locations  include  all  points  in  the  pipe  wall 
which  directly  resist  pressures  exerted  by  the  con- 
tained water.  Secondary  locations  include  all  points 
outside  the  pipe  wall,  such  as  outer  fibers  of  stiffener 
rings,  thrust  rings,  and  extreme  fibers  of  wye  branch 
reinforcement  plates,  where  part  or  all  of  the  fiber 
stress  is  due  to  bending  moments  and  where  yielding 
will  not  result  in  failure  or  leakage. 

Minimum  shell  thickness  was  calculated  by  the  fol- 
lowing formulas: 

D  +  20 


Secondary  Locations 
fs  =  lesser  of  '/,  fy 

or  Vi  fu 
fs  =  lesser  of  fy  or 

fs  =  0.95  fy 


(1)   t  min 


(2)   t  min 


400 
2.55R2 

fv 


where  t  =  pipe  shell  thickness,  in  inches;  D  =  pipe 
diameter,  in  inches;  and  R  =  pipe  mean  radius,  in 
inches. 

Formula  (2)  is  based  on  analysis  of  an  empty  pipe 
resting  on  a  rigid  foundation. 

All  steel  shell  structures  were  hydrostatically  proof- 
tested. 

Welding  Specifications  on  Discharge  Pipelines  and 
Penstocks.  Special  welding  specifications  were  se- 
lected to  control  the  quality  of  welding  on  all  steel 
conduits.  The  following  specifications  were  used: 

1.  American  Welding  Society,  "Structural 
Welding  Code  for  Welding  in  Building  Construc- 
tion", Dl.O 

2.  American  Welding  Society,  "Specifications 
for  Welding  Highway  and  Railway  Bridges", 
D2.0 


3.  American  Welding  Society,  "Structural  Weld- 
ing Code",  Dl.1-72,  Dl.l-Rev.  1-73  and  Dl-l-Rev. 
2-74,  which  supersedes  Dl.O  and  D2.0 

4.  American  Society  of  Mechanical  Engineers, 
"ASME  Boiler  and  Pressure  Vessel  Code,  Section 
VIII,  Pressure  Vessels" 

Welding  specifications  in  the  ASME  Code  were  ap- 
plied only  to  certain  pressure  vessels,  such  as  the  Pear- 
blossom  Pumping  Plant  air  chambers.  Otherwise,  the 
aqueduct  waterway  conduits  were  designed  and  fab- 
ricated under  a  composite  of  AWS  codes,  since  these 
pipes  were  subject  to  a  wide  range  of  gravity  loads  and 
vibrations.  By  using  AWS  codes,  the  Department  ex- 
ercised close  overall  control  of  the  fabricator's  weld- 
ing procedures,  including  repair  of  weld  defects. 

Nondestructive  tests  to  reveal  weld  and  base  metal 
defects  were  performed  by  ultrasonic  and/or  radio- 
graphic means.  Ultrasonic  testing  complied  with  de- 
partment standards;  radiographic  testing  conformed 
to  the  requirements  of  AWS  Specification  Dl.l. 

Vibrational  Control 

Studies  by  the  Department  showed  it  necessary  to 
determine  a  method  of  preventing  resonant  frequen- 
cies of  vibration  which  could  occur  in  pump  discharge 
piping  and  manifolds. 

Centrifugal  pumps  produce  a  forced  vibration  fre- 
quency in  discharge  pipes  when  the  impeller  vanes 
pass  the  tongue  of  the  pump.  A  small  nonuniform 
flow  results  as  the  water  leaves  this  part  of  the  pump, 
causing  pressure  waves  to  travel  up  the  conduit  until 
reflected.  These  pressure  waves  may  coincide  with  the 
natural  frequency  of  the  pipeline  and  create  an  unac- 
ceptable resonance.  To  prevent  the  resonant  condi- 
tion, natural  frequencies  of  the  pipeline  must  be 
different  from  the  vibration  frequencies  originating 
in  the  pump.  This  is  achieved  best  by  altering  the 
physical  restraints  of  the  pipe  shell. 

As  a  result  of  these  studies,  all  reflection  points 
(openings,  tapers,  wye  branches)  were  spaced  at  dis- 
tances approximating  a  multiple  of  one-half  wave 
length  of  the  pipe's  natural  frequency,  and  stiffener 
rings  were  spaced  at  one-half  wave  length  of  a  fre- 
quency equal  to  1.414  times  the  forced  frequency  of 
the  pump.  This  critierion  was  applied  to  buried,  en- 
cased, and  exposed  pipes. 

Wye  Branches.  At  all  plants,  some  form  of 
branching  of  aqueduct  pipe  conduits  is  required 
which  must  sever  structural  continuity  of  the  pipe 
shell  in  the  intersections.  The  tension  forces  at  free 
edges  of  the  severed  shell  are  resisted  by  welded  crotch 
plate  girders,  cut  to  a  shape  approximating  the  inter- 
section of  the  shells.  These  girders  supply  two  perpen- 
dicular-force systems  for  full  shell  restraint.  One 
system  consists  of  vertical  forces  applied  by  the  crotch 
plate  as  a  curved  beam,  and  the  other  system  consists 
of  horizontal  forces  which  act  normal  to  the  plane  of 
the  crotch  plate. 


Forces  normal  to  the  plane  of  a  plate  can  cause  fail- 
ure in  plates  with  lamellar  flaws.  One  solution  used  to 
prevent  such  failure  at  major  plants  has  the  pipe  shell 
and  girders  welded  to  a  round  forged-steel  bar  bent  to 
the  shape  of  the  shell  plate  intersection.  The  crotch 
plate  fits  against  the  outside  surface  of  this  round  bar 
and  resultants  of  all  forces  in  the  system  pass  through 
the  center  of  the  bar.  In  this  way,  none  of  the  crotch 
plates  is  subjected  to  tensile  stresses  normal  to  its 
plane. 

Another  advantage  to  this  assembly  is  that  an  extra 
reinforcing  plate  can  be  welded  to  the  inside  or  "wet" 
side  of  the  round  bar  to  lower  the  high  stresses  in  this 
area.  This  interior  or  "splitter  plate"  also  can  improve 
hydraulic  conditions  by  directing  the  stream  lines  in 
the  water  to  keep  velocity  changes  through  the  wye 
branch  at  a  minimum. 

Main  crotch  girders  are  "U"-shaped  and  have  been 
strengthened  by  one  or  two  sets  of  semicircular  exte- 
rior girders  welded  to  the  two  ends  of  the  crotch 
plates.  These  girders  are  fitted  to  the  outside  shell  and 
provide  clamping  forces  to  resist  elastic  expansion  of 
the  entire  assembly.  Top  and  bottom  intersections  be- 
tween girders  and  crotch  plates  also  are  welded  to 
short,  vertical,  forged  pins  to  resist  lamellar  tearing 
(Figures  6  and  7). 

Wye  branches  and  manifolds  were  designed  to  be 
underground  and  concrete-encased  to  provide  anchor- 
age and  to  resist  earth  loads.  Since  these  sections 
would  be  fabricated  from  relatively  thin  material  us- 
ing high-strength  steel,  the  pipe  shells  would  expand 
under  internal  pressure  and  crack  tight-fitting  con- 
crete encasements.  To  prevent  this,  manifolds  were 
embedded  in  concrete  under  an  internal  pressure  ap- 
proximating 80%  of  operating  pressure. 

At  many  plants,  sleeve  couplings  were  used  to  con- 
nect articulated  portions  of  the  manifold  sections. 
These  circumferential  joints  could  allow  separation  of 
the  vessel  from  thrust  forces  developed  during  pres- 
sure tests.  Before  the  concrete  encasements  were  com- 
pleted, temporary  tie  bars  had  to  be  welded  across 
these  joints. 

Design  Pressures.  Design  pressures  used  for  these 
conduits  were  taken  as  the  operating  pressures  in- 
creased by  factors  to  approximate  the  pressure  rise 
from  normal  operating  conditions.  Operating  pres- 
sures were  determined  by  the  position  of  the  energy 
gradeline  with  respect  to  the  conduit.  Factors  for  pres- 
sure rise  varied  with  the  type  of  pump  or  turbine,  the 
rate  of  valve  closure,  and  the  frequency  of  dynamic 
load  occurrence.  At  pumping  plants,  the  dynamic  ef- 
fect factors  were  determined  by  the  pressure  upsurge 
following  a  power-failure  condition.  This  was  based 
on  the  assumption  that  the  pump  motors  suddenly 
stopped  operating  and  all  control  valves  closed  au- 
tomatically at  the  specified  rate.  Typical  design  pres- 
sures in  pumping  systems  were  1.20  to  1.40  times  the 
operating  pressure.  At  Devil  Canyon  Powerplant,  be- 
cause of  the  impulse  wheel  turbine  characteristics,  de- 


sign pressure  was  only  1. 11  times  the  operating 
pressure. 

Design  pressure  was  accommodated  by  shell  struc- 
tures proportioned  by  the  allowable  working  stresses 
at  normal  loading  conditions.  Other  infrequent  condi- 
tions of  operations  which  produced  higher  pressure 
conditions  also  were  checked.  Since  these  conditions 
for  emergency-type  loadings  allowed  the  higher  stress 
levels,  they  seldom  governed  the  design. 

Siphon  Outlet  Structures.  Siphon  outlet  struc- 
tures are  provided  at  the  upper  ends  of  the  pump 
discharge  pipelines  for  Buena  Vista,  Wheeler  Ridge, 
Wind  Gap,  Oso,  and  Pearblossom  Pumping  Plants. 
They  are  used  in  place  of  valves  or  gates  to  prevent 
backflow  during  pump  outages  and  to  provide  for  saf- 
er, more  reliable,  aqueduct  operation.  Additional  ad- 
vantages of  these  outlets  are  elimination  of  water 
leaking  from  canal  gates  into  empty  discharge  con- 
duits during  maintenance,  by  the  fast  action  of  a  si- 
phon breaker  compared  to  closure  time  for  a  large 
gate,  and  in  lower  maintenance  costs  for  siphon  break- 
ers than  for  gates  (Figure  8). 

A  series  of  hydraulic  model  studies  on  the  perform- 
ance of  siphon  outlet  structures  was  made  by  the  Uni- 
versity of  California  at  Davis  during  the  design  phase 
of  the  aqueduct.  These  tests  determined  the  hydraulic 
characteristics  of  basic  design  configurations  used  for 
the  aqueduct. 

Each  siphon  outlet  structure  consists  of  concrete- 
encased  siphon  liners,  concrete  round-to-square  tran- 
sitions, and  an  open  transition  into  the  canal.  The 
upstream  end  of  each  siphon  liner  is  connected  to  a 
discharge  pipeline,  and  each  siphon  outlet  terminates 
under  the  water  level  in  the  stilling  pool  of  the  receiv- 
ing channel. 

At  each  siphon  crest,  the  invert  elevation  is  at  least 
1 .0  foot  higher  than  the  maximum  water  surface  eleva- 
tion of  the  canal.  During  operation,  each  siphon  flows 
over  this  crest  at  subatmospheric  pressure  which  is 
maintained  by  small  vacuum  pumps  located  over  the 
structure.  When  flow  in  a  discharge  pipeline  is 
stopped,  a  30-inch  vacuum  breaking  valve  at  the  si- 
phon crown  opens  to  admit  air,  raising  the  pressure  in 
the  siphon  to  atmospheric  and  preventing  siphon  ac- 
tion in  either  direction. 

Prestressed-Concrete  Cylinder  Pipe  for  Discharge 
Pipelines 

For  construction  of  Oso  and  Pearblossom  Pumping 
Plants,  the  specifications  for  the  pump  discharge  pipe- 
line conduits  allowed  alternative  bidding  schedules 
for  furnishing  and  installing  either  steel  pipe  or  pre- 
stressed-concrete  cylinder  pipe.  In  design  details  and 
criteria,  this  concrete  pipe  was  similar  to  that  used  on 
long  reaches  of  the  aqueduct  conveyance  systems. 
Low  bidders  on  both  contracts  stipulated  prestressed- 
concrete  cylinder  pipe  and  this  type  of  pipe  was  in- 
stalled at  both  plants. 

Prestressed-concrete  cylinder  pipe  (PCCP)  consists 
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Figure   6.     Typical  Wye  Branch — Junction  Type 
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Figure  7.     Typical  Wye  Branch— Junction  Type  2 
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Figure   8.     Typical  Siphon  Outlet 
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of  a  concrete  core  containing  an  embedded  steel  cylin- 
der which  has  been  wrapped  with  high-strength  steel 
wire  and  covered  with  a  coating  of  mortar  (Figure  9) . 
This  pipe  has  been  specified  by  the  Department  in 
accordance  with  AWWA  Standard  C301,  modified  to 
meet  department  standards. 

Concrete  core  thickness  (tc)  was  varied  for  design 
purposes  depending  upon  external  loads  acting  on  the 
pipe.  Generally,  three  core  thicknesses  were  consid- 
ered for  each  pipe  size: 


Core  Type 
Thin 

Standard 


Thickness  (inches) 
ID 


tc   = 


16 
ID 


Thick 


to  =  iH.  -  'A 

12 

tc  =  IP-  +  1 

12 
where  ID  =  pipe  inside  diameter,  in  inches. 

Contractors  were  allowed  to  submit  designs  utiliz- 
ing alternative  core  thicknesses.  These  variances  were 
subject  to  departmental  approval  and  allowed  the  pipe 
manufacturers  to  utilize  existing  outside  forms. 

Concrete  compressive  strength  at  28  days  (f'c)  for 
the  core  varied  from  4,500  psi  to  7,000  psi.  The  re- 
quired strength  depended  upon  the  maximum  stress 
caused  by  wire  wrapping  and  external  loading.  Allow- 
able compression  in  the  core  was  0.45  f'c  for  normal 
loading  conditions  from  design  pressure  and  backfill 
and  0.60  f'c  for  rare  overload  conditions,  which  include 
AASHO  H-20  live  loading  at  the  ground  surface  over 
an  empty  pipe. 

Tensile  stress  which  could  occur  from  external 
loading  was  allowed  in  the  core  at  7.5  y/?c  for  normal 
loading  and  10  vT'c  for  overloading. 

The  Department  required  a  minimum  of  seven  days 
of  water  curing  for  the  cores.  Experience  had  shown 
that  water  curing  produces  a  more  durable  concrete 
than  conventional  steam  curing. 

For  the  Oso  and  Pearblossom  discharge  pipelines, 
pipe  for  the  steel  alternative  was  designed  to  resist  a 
calculated  bursting  pressure  equal  to  2.8  times  normal 
design  pressure,  so  the  PCCP  also  was  designed  for  the 
same  bursting  pressure.  Normally,  design  for  burst- 
ing pressure  was  not  an  important  factor. 

The  steel  cylinders  are  16  gauge  and  welded  to  joint 
rings.  Although  the  main  purpose  of  the  cylinders  is 
to  form  a  watertight  membrane,  their  structural  char- 
acteristics were  considered  in  design  of  the  pipe. 

Joint  ring  design  used  %-inch-thick  steel  bell  rings 
and  Carnegie-shape  spigot  rings,  both  rolled  and  then 
butt-welded.  After  welding,  all  rings  were  cold-ex- 
panded beyond  their  yield  point  to  a  standard  circum- 
ference, because  very  close  tolerances  were  required 
between  mating  bell  and  spigot  rings  to  ensure  water- 
tight joints. 

Thrusts  and  moments  in  the  concrete  core  were 


calculated  using  coefficients  which  assumed  that  the 
earth,  live,  and  dead  loads  cause  a  bulb-type  pressure 
distribution  on  the  pipe. 

The  pipe  was  designed  for  a  90-degree  bedding. 
However,  as  a  safety  factor,  bedding  was  specified  to 
be  a  minimum  of  120  degrees.  Either  compacted  back- 
fill or  consolidated  bedding  material  was  used,  de- 
pending upon  material  availability.  One  of  the 
economies  of  using  prestressed  pipe  was  that  compac- 
tion was  not  required  above  the  bedding,  except  at 
road  crossings  and  on  the  outside  of  horizontal  bends. 

Prestressing  wire  conforms  to  ASTM  A227,  Class 
II,  or  ASTM  A648,  Classes  II  or  III.  Class  II  wire  was 
used  for  all  PCCP  discharge  conduits  except  for  the 
Pearblossom  Pumping  Plant  second  discharge  line, 
which  used  a  small  amount  of  the  higher  strength 
Class  III  wire. 

The  wire  was  wrapped  on  the  cores  at  a  tension  of 
Y4  of  its  minimum  ultimate  strength.  The  amount  of 
wire  required  was  based  on  moments  and  thrusts 
caused  by  both  internal  pressure  and  external  loading. 

The  PCCP  was  designed  for  both  a  single  wire  wrap 
or  a  double  wrap  and  the  contractor  was  allowed  an 
option,  except  where  limitations  in  minimum  wire 
spacing  required  a  double-wrapped  pipe.  Because  ten- 
sile strength  of  wire  decreased  as  diameter  increased, 
there  was  a  balance  point  where  the  savings  in  wire  by 
using  two  layers  of  small  wire  offset  the  increased 
labor  involved  in  double-wrapping  pipe.  The  option 
of  a  single  or  double  wrap  also  gave  the  contractor 
more  flexibility  during  periods  of  material  shortages. 

Upon  completion  of  the  wrapping  operation,  a 
dense  mortar  was  applied  to  the  outside  of  each  pipe. 
This  mortar  protected  the  wire  from  damage  and  pro- 
vided an  alkaline  environment  to  prevent  corrosion  of 
the  wire.  Mortar  was  from  %-inch  to  1  inch  thick  and 
applied  by  rotating  brushes  while  the  pipe  was  rotated 
on  a  turntable.  The  mortar  thickness  was  included  in 
the  wall  thickness  used  in  the  design  calculations  as  it 
had  a  strength  at  least  equal  to  the  strength  of  the  core. 
The  extremely  corrosive  soil  at  Oso  Pumping  Plant 
required  application  of  an  epoxy  coating  over  the  mor- 
tar as  added  protection. 

Because  of  the  weight  of  individual  pipe  sections 
and  the  fact  that  bends  were  made  with  large-radius 
curves,  anchorage  of  the  pipe  was  not  required.  Bev- 
eled pipe  for  these  bends  was  made  by  welding  the 
spigot  ring  to  the  cylinder  at  the  required  angle.  Max- 
imum bevel  allowed  for  any  pipe  section  was  a  func- 
tion of  pipe  diameter.  "Pulling  of  joints",  i.e.,  the 
opening  of  a  pipe  joint  on  one  side  of  a  pipe  while 
closing  it  on  the  opposite  side,  was  allowed  onlv  for 
extremely  small  changes  in  alignment  or  other  minor 
field  adjustments. 

Articulation  of  Discharge  Conduits  by  Special  Sus- 
pended Pipe  Spools.  Foundation  conditions  on  the 
California  Aqueduct  plants  were  not  expected  to  pro- 
vide full  resistance  to  displacement-type  movements 
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Figure  9.     Typical  Prestressed-Conerete  Pipe  Detail 
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Figure   10.     Typical  Articulation  Detail  at  Plants 


r 


between  the  main  buildings  and  concrete-encased  wa- 
terway conduits  connected  to  the  structures.  These 
movements  could  result  from  shallow  differential  set- 
tlements, seismic  action,  or  major  deep-seated  subsi- 
dences. A  design  was  needed  for  a  leak-free  swivel 
which  would  allow  a  wide  range  of  rotational  and 
translational  movement  between  the  discharge  taper, 
rigidly  encased  within  the  structure,  and  the  conduits 
leading  from  the  plant. 

The  Department's  solution  was  to  provide  a  me- 
chanical pivot  action  or  "universal  joint"  in  the  con- 
duit between  the  two  displacement  points  (Figure 
10).  This  joint  was  achieved  by  using  two  special 
sleeve  couplings  with  a  short  "spool"  or  pipe  length 
suspended  between  them.  The  special  couplings  were 
necessary  to  allow  the  spool  to  move  freely  and  absorb 
these  displacements  while  remaining  watertight. 

This  concept  was  used  originally  at  the  Delta 
Pumping  Plant,  where  it  has  performed  successfully. 
However,  at  other  plant  sites,  some  misalignment  of 
spools  occurred  during  the  initial  filling  of  the  con- 
duits. Water  was  not  lost  but  the  small  misalignment 
was  not  acceptable.  This  led  to  installation  of  a  suspen- 
sion device  at  all  plants,  except  Delta.  This  device 
supported  the  dead  weight  of  the  spool  piece  and  yet 
allowed  the  full  and  original  flexibility  (Figure  11). 


Special  sleeve  couplings  (Figure  12)  are  conven- 
tional couplings  with  the  middle  ring  lengthened  to 
allow  approximately  a  6-inch  longitudinal  movement 
of  the  pipe  ends  while  remaining  watertight.  These 
couplings  will  also  allow  an  axial  misalignment  of  3 
degrees. 

Articulation  of  Waterway  Conduits.  Since  earth- 
quakes occur  frequently  in  California,  the  juncture  of 
the  rigid  plant  structure  and  the  conduits  required 
special  designs  for  articulation.  Rigid  pipe  joints  are 
subject  to  shearing  failures  and  are  considered  unsatis- 
factory. Installation  of  special  articulation  joints  al- 
lows freedom  of  movement,  dampening  of  seismic 
accelerations,  and  permitted  minor  changes  in  con- 
duit alignment  during  construction.  In  the  case  of 
steel  pipe,  sleeve-type  couplings  are  used  for  all  joints 
adjacent  to  rigid  structures.  For  concrete  pipe,  suffi- 
cient flexibility  is  provided  by  "O"  ring  or  "lock- 
joint"-type  steel  joint  rings  and  rubber  gaskets.  In  ad- 
dition, cement  mortar  usuallv  applied  to  fill  pipe  joint 
recesses  has  been  deleted  at  Oso  and  Pearblossom 
Pumping  Plants.  At  these  plants,  the  severe  articula- 
tion requirements  precludes  the  use  of  cement  mortar 
and  a  soft,  elastic,  field-placed,  pipe-joint  sealant  is 
used  instead. 


Figure   11.     Suspended  Spool  Support  System — Buena  Vista  Pumping  Plant 
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Figure  12.     Special  Sleeve  Coupling 
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Figure   13.     Multistage  Pump — A.  D.  Edmonston  Pumping  Plant 


Mechanical  Features 

General 

At  the  time  of  manufacture,  some  of  the  major  me- 
chanical components  required  by  the  State  Water 
Project  were  among  the  largest  in  the  United  States. 
Particularly  noteworthy  were  the  multistage  pumps 
at  A.  D.  Edmonston  Pumping  Plant  (Figure  13),  the 
pump-turbines  and  spherical  valves  at  Edward  Hyatt 
Powerplant  (Figures  14  and  15),  and  the  coaster  gates 
at  Hyatt  and  Angeles  Tunnel  intake  structures. 

The  Project  has  utilized  at  least  one  of  every  major 
type  of  turbine  generally  produced,  i.e.,  impulse, 
Francis,  Kaplan,  and  high-  and  low-head  pump-tur- 
bines with  specific  speeds  ranging  from  6  to  145.  The 
larger  project  pumping  plants  also  include  practically 
every  major  type  of  multi-  or  single-stage  pump,  of 
either  single-volute,  double-volute,  or  diffuser  type, 
and  include  pumps  of  both  vertical  and  horizontal 
mounting.  The  specific  speeds  vary  from  1,500 
through  4,700  and  the  Department  presently  is  study- 
ing tubular  units  in  the  15,000  specific  speed  range. 

The  most  significant  mechanical  engineering  de- 
sign effort  was  associated  with  Edward  Hyatt  and  A. 
D.  Edmonston  plants.  Edward  Hyatt  Powerplant  was 
the  first  underground  pumped-storage  development 
in  the  United  States.  The  reversible  pump-turbine 
was  just  being  introduced  into  the  hydroelectric  field 
when  design  was  started.  A.  D.  Edmonston  Pumping 
Plant  pumps  more  water  higher  than  any  other  plant 
in  the  United  States  and  contains  the  largest  multi- 
stage pumps  in  this  country. 

To  ensure  reliability  of  operation  of  all  the  plants  in 
the  Project,  exacting  specifications  were  prepared  for 
procurement  of  major  hydraulic  equipment.  These 
specifications  required  detailed  drawings  from  the 
manufacturer  of  all  components  for  a  rigorous  review 


Figure   14.     Turbine  Runner — Edward  Hyatt  Powerplant 


Figure   15.     Spherical  Valve — Edward  Hyatt  Powerplant 
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by  the  Department.  This  review  included  independ- 
ent stress  analyses  of  the  components  to  ensure  that 
the  stress  levels  were  within  the  specified  limits.  In 
complicated  configurations,  such  as  pump  and  turbine 
casing  covers  and  in  spherical  valve  body  halves  and 
plugs,  a  computer  analysis  was  employed  using  the 
finite  element  method  (Figure  16  and  Bibliography). 
Materials  for  each  component  were  specified  for  the 
intended  application,  and  the  design  was  evaluated  for 
ease  in  replacement  of  parts  and  for  maintenance. 

Rigorous  inspection  requirements  and  quality  con- 
trol were  imposed  on  the  manufacturer,  and  consider- 
able nondestructive  testing  was  required  which 
increased  the  cost  of  the  equipment  a  nominal 
amount.  Notwithstanding,  it  was  decided  that  these 
rigid  requirements  would  prove  economical  in  the 
long  run  since  fewer  outages  would  be  likely  to  occur, 
thus  assuring  the  Department  could  better  meet  its 
water  delivery  and  power  commitments. 

To  further  assure  the  dependability  of  the  equip- 
ment, a  continuing  comprehensive  corrosion  control 
program  was  initiated  at  the  start  of  design.  The  most 
recent  developments  in  corrosion  control  were  inves- 
tigated and  applied  to  the  equipment.  The  selection  of 
method  of  control  was  based  on  economic  considera- 
tions of  capital  expenditure,  operation  and  repair 
costs,  and  revenue  loss  due  to  operation  interruptions. 
Where  applicable,  corrosion-resistant  materials,  pro- 
tective coatings,  or  corrosion-resistant  claddings  were 
used.  On  larger  equipment,  anodes  or  cathodic  protec- 
tion was  the  more  economical  selection. 

During   and   following   installation,   major  equip- 
ment and  systems  were  tested  extensively  to  establish 
field  performance  characteristics  and  operating  relia- 
bility. 
Design  Criteria 

Pumps,  Turbines,  and  Pump-Turbines.  Many  fac- 
tors were  considered  in  determining  the  type,  size, 


setting,  speed,  and  number  of  units  in  a  plant.  Some 
of  these  factors  were: 

1.  Head  and  volume  of  water  to  be  handled 

2.  Length  and  configuration  of  pressure  conduits 

3.  Specific  speed 

4.  Efficiency 

5.  Cavitation 

6.  Draft-tube  surges 

7.  Hydraulic  transients  (pressure  and  speed  rise) 

8.  Stability 

9.  Part  load  capabilities 

10.  Manufacturer's    capabilities    (with    regard    to 
physical  size) 

11.  Shipping  limitations 

Since  these  factors  are  closely  interrelated,  alterna- 
tives were  considered  and  detailed  studies  were  per- 
formed on  the  most  promising.  Some  compromises 
had  to  be  made  as  dictated  by  economics  and  state-of- 
the-art  as  related  to  equipment  size  and  capability. 
Compromise,  however,  always  followed  the  basic  cri- 
teria of  providing  units  at  a  reasonable  cost  while  at- 
taining the  highest  performance  and  reliability. 

In  the  procurement  of  the  main  pumps,  turbines, 
and  pump-turbines,  a  minimum  efficiency  was  speci- 
fied at  given  conditions  of  head  and  capacity  or  power. 
In  addition,  the  unit  setting,  speed,  and  head  fluctua- 
tion were  established.  To  ensure  that  the  prototype 
would  perform  as  specified,  the  manufacturer  was  re- 
quired to  build  and  test  a  model  of  a  stated  minimum 
size  to  determine  the  predicted  prototype  perform- 
ance (Figures  17,  18,  and  19). 

The  prototype  characteristics  were  projected  from 
the  model  test  data  by  the  laws  of  homology  and  by 
formulas  set  forth  in  the  specifications.  The  manufac- 
turer was  required  to  meet  the  performance  require- 
ments specified  prior  to  approval  by  the  Department 
to  proceed  with  the  manufacture  of  the  prototype. 
After  installation,  a  unit  of  each  type  and  size  was 
tested  to  determine  the  prototype  performance.  For 
some  plants,  the  flow  rates  for  the  large  discharges 


Finite  Element  Diagram  of  Hyatt  Pump-Turbine 
Headcover — Half  Section 


Figure   17.     Model  Test  Stand— A.  D.  Edmonslon  Pumping  Plant 
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Figure   18.     Model  Test  Stand — Edward  Hyatt  Powerplant 


d  Hyatt  Powerplant 


requiied  for  these  site  tests  were  obtained  by  the  well- 
known  methods  of  pressure-time  (Gibson)  and  salt- 
velocity  (Allen).  At  most  pumping  plants,  however, 
discharge  was  determined  by  differential  pressure 
taps  on  the  suction  elbows  which  were  calibrated  by 
model  test.  Due  to  inaccuracies  inherent  in  field  test- 
ing, a  tolerance  of  1  '/2%  was  allowed  in  the  efficiency 
guaranteed     by     the     manufacturer.     Conventional 


flowmeters  are  provided  in  most  of  the  plants  and 
ultrasonic  flowmeters  in  some  of  the  larger  plants. 
The  meters  are  for  recording  the  flow  in  the  Aqueduct 
and  for  revenue  metering  in  some  cases.  Because  of  the 
superior  precision  of  the  ultrasonic  meter,  it  is  an- 
ticipated that  it  will  be  used  to  monitor  the  efficiency 
of  the  units  and  thereby  establish  the  optimum  time 
for  repair  of  wearing  rings,  runners,  and  water  pas- 
sages. All  meters  were  calibrated  during  the  prototype 
performance  tests.  A  particularly  exacting  test  was 
performed  at  the  Hyatt  plant  which  compared  the 
ultrasonic  meter  with  the  results  of  the  Gibson  test 
and  calibrated  Winter-Kennedy  taps  in  the  generating 
direction,  and  the  results  of  the  Allen  salt-velocity  and 
calibrated  draft  tubes  in  the  pumping  direction.  The 
results  of  this  test  showed  excellent  correlation  be- 
tween the  several  methods  of  flow  measurement. 

The  number  and  size  of  the  units  were  determined 
for  maximum  flexibility  in  water  and  power  delivery 
consistent  with  overall  costs.  Units  of  the  Hyatt-Ther- 
malito  power  complex  were  sized  for  optimum  power 
delivery  and  pumped-storage  operation  for  the  two 
plants  based  upon  a  60-year  history  of  flow  in  the 
Feather  River.  In  the  South  San  Joaquin  Division, 
pumps  in  the  three  plants  upstream  from  A.  D.  Ed- 
monston  Pumping  Plant  were  sized  to  provide  capaci- 
ties nominally  equal  to  or  twice  that  of  a  unit  at 
Edmonston.  With  four  pumping  plants  in  an  aqueduct 
length  of  approximately  42  miles  between  the  first  and 
last  plant,  sizing  capacity  of  units  as  multiples  of  the 
capacity  of  the  pumps  at  the  Edmonston  plant  simpli- 
fies operation  of  the  Aqueduct. 

Governors.  Selection  of  a  governor  for  speed  regu- 
lation of  a  turbine  was  limited  to  two  alternatives: 
namely,  mechanical-hydraulic  and  electrical.  Both 
systems  use  a  hydraulic  system  and  accumulator  to 
operate  the  unit's  servomotors. 

Although  electrical  governors  were  developed  and 
in  use  prior  to  1960,  the  time  when  selection  had  to  be 
made,  it  was  decided  there  was  insufficient  experience 
to  establish  the  reliability  of  this  newer  design.  Ac- 
cordingly, mechanical-type  governors  were  selected 
whose  reliability  had  been  proven  in  decades  of  use 
throughout  the  world  (Figure  20). 

To  permit  automatic  and  joint  load  control  of  the 
units,  the  governors  are  equipped  with  speed  adjust 
transducers.  The  transducers  receive  a  zero  to  1-volt 
signal  from  the  control  center  and  adjust  the  load  pro- 
portionally by  direct  actuation  of  the  speed  adjust 
mechanism  on  the  governor. 

Turbine  Shutoff  and  Pump  Discharge  Valves. 
Valves  were  installed  on  each  discharge  line  or  pen- 
stock with  the  exception  of  Dos  Amigos  Pumping 
Plant  and  Thermalito  Powerplant.  The  Thermalito 
units  have  very  short  individual  penstocks  and  require 
only  turbine  wicket  gates  backed  up  by  intake  gates. 
In  the  Dos  Amigos  Pumping  Plant,  pumps  are  started 
against  zero  head  and  the  discharge  lines  allowed  to 
drain  each  time  a  pump  is  shut  down.  Typical  per- 
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Figure  20.     Governor  Cabinet — Edward  Hyatt  Powerplant 


formance  curves  were  supplied  by  pump  manufactur- 
ers (head,  power,  and  efficiency  v.  discharge).  These 
data  were  converted  into  a  family  of  torque  and  speed 
curves  by  use  of  the  laws  of  homology,  and  the  overall 
feasibility  of  a  pump  start  without  a  discharge  valve 
was  analyzed.  Only  at  the  Dos  Amigos  Plant  was  this 
found  possible. 

Where  main  valves  are  required,  they  provide  the 
proper  operating  head  for  pump  start-up  and  prevent 
drainage  of  water  from  the  pump  discharge  line  when 
a  unit  is  shut  down.  They  also  provide  isolation  in  the 
plants  where  several  turbine  or  pump  units  are  mani- 
folded into  one  penstock  or  discharge  line  and  provide 
shutoff  for  maintenance.  All  valves  were  designed  for 
emergency  closure  against  maximum  flow  at  max- 
imum head. 

The  selection  of  type  and  size  of  valve  was  based  on 
economics,  maintenance,  reliability,  and  desired  oper- 
ating characteristics.  Economics  not  only  included  the 
valve  cost  but  also  the  structure  costs  to  accommodate 
the  valve,  discharge  line  costs,  operation  and  mainte- 
nance costs,  and  the  cost  of  power  and  energy  to  over- 
come the  head  loss  through  the  valve. 

Valves  considered  in  the  analyses  were  the  butter- 
fly, double-seated  spherical  (both  fixed  and  movable 
seats),  single-seated  spherical  (fixed),  cone,  and  check 
types.  Cost,  physical  size,  and  consideration  of  opera- 
tional flexibility  confirmed  that  the  cone,  check,  and 
single-seated  spherical  valves  should  be  limited  to  use 
in  the  smaller  plants. 

The  valve  selection  for  the  major  plants  was  re- 
duced therefore  to  the  butterfly  and  spherical  types 
(Figures  21  and  22).  The  butterfly  valve  is  suitable 
primarily  for  lower  head  plants  with  double-seated 


^1        ^# 

it                            'm^m 
li                                iH 

■  1                                          *  ^^B 

1     *    - 

Figure  21.     Butterfly  Valve — Wheeler  Ridge  Pumping  Plant 


Figure  22.     Spherical  Valve — Edward  Hyatt  Powerplant 
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spherical  valves  preferred  for  higher  head  plants.  The 
double-seated  valve  was  the  logical  choice,  since  there 
is  no  appreciable  difference  in  cost  between  the  dou- 
ble- and  single-seated  valve,  and  the  movable  double- 
seated  valve  will  permit  replacement  or  repair  of  an 
operating  seat  without  causing  an  outage  on  other 
units  manifolded  on  the  same  penstocks  or  discharge 
line.  At  Buena  Vista  and  Wheeler  Ridge  Pumping 
Plants,  however,  the  manifolded  three  smaller  units 
are  equipped  with  butterfly  valves  since  studies  in- 
dicated that  time  for  repair  of  these  valves  would  not 
adverselv  affect  the  Department's  water  deliver)-  com- 
mitments. 

Oil  is  used  exclusively  throughout  the  Project  as  a 
source  of  power  to  operate  the  larger  turbine  shutoff 
and  pump  discharge  valves  (Figure  23).  The  large  size 
of  these  systems  made  it  uneconomical  to  use  the  more 
expensive  noncorrodible  materials  required  for  water 
operation.  Both  water  and  oil,  however,  are  separately 
used  to  activate  the  movable  seats  of  spherical  valves. 
For  the  Hyatt  underground  powerplant,  water  was 
chosen  because  penstock  pressure  did  not  require  a 
back-up  system  to  assure  a  reliable  pressure  source  for 
the  seats.  Water  also  was  selected  for  seat  operation  for 
Devil  Canvon  Powerplant,  because  the  2,000-psi  oil 
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Spherical  Valve  Oil  Pressure  Tank — Edward 
Hyatt  Powerplant 


accumulator  system  used  for  plug  operation  was 
judged  too  high  for  the  seats.  All  the  pumping  plants 
are  equipped  with  oil-operated  seats  because  of  the 
unavailability  of  clean,  nonaggressive,  and  nonabra- 
sive  water,  and  a  concern  for  potential  maintenance 
problems  associated  with  water  operation. 

Hydraulic  Transients 

Transients  which  occur  under  loss  of  electrical 
power  or  load  rejection  can  result  in  severe  damage  if 
not  considered  in  the  design  of  equipment.  This  dam- 
age includes  possible  rupture  of  the  penstock  or  dis- 
charge line  caused  by  overpressure  and  collapse  of  the 
pipe  due  to  underpressure. 

The  methods  of  analyzing  hydraulic  transients  in 
turbine  penstocks  and  pump  discharge  systems  are 
well  established.  The  Department  used  analytical, 
graphical,  and  computer  methods  to  determine  the 
design  pressure  requirements  for  its  turbines,  pumps, 
valves,  penstocks,  and  discharge  lines.  Criteria  for  op- 
erating conditions  considered  for  analysis  were  di- 
vided into  two  classifications:  normal  operation  and 
emergency  operation  (see  Bibliography). 

Normal  Pumping  Mode  Operation  (Pumps  or 
Pump-Turbines).  For  normal  conditions  of  pump 
operation,  the  following  were  assumed  to  applv: 

1.  Pumps  may  be  started  or  tripped  manually 
or  automatically'  throughout  the  entire  range  of 
operating  heads  existing  at  an  installation. 

2.  Where  shutoff  valves  are  installed  in  a  dis- 
charge line,  the  pump  casing  and  portions  of  the 
pump  discharge  line  between  the  pump  and  the 
valve  are  subjected  to  shutoff  head. 

3.  Failure  of  power  to  all  pump  motors  in  a 
plant  was  assumed  to  occur  a  sufficient  number  of 
times  during  the  operation  of  the  plant  to  be  con- 
sidered a  normal  operating  condition. 

4.  When  a  pump  discharge  system  is  equipped 
with  pressure  control  devices  (e.g.,  surge  cham- 
bers, air  chambers,  check  valves,  surge  suppres- 
sors), it  was  assumed  that  these  devices  will  be 
properly  designed  and  adjusted  and  function  in 
the  manner  for  which  the  equipment  was  de- 
signed. 

The  minimum  pressure  gradient  along  the  length  of 
a  discharge  line  as  a  result  of  power  failure  was  inves- 
tigated to  ensure  that  water  column  separation  does 
not  occur.  This  minimum  gradient  was  used  as  a  basis 
for  the  normal  design  of  the  pump  discharge  line  to 
ensure  against  failure  due  to  collapse.  When  a  suitable 
pipeline  profile  could  not  be  economically  provided, 
and  the  computed  minimum  pressure  gradient  at  any 
point  in  the  discharge  line  fell  below  the  vapor  pres- 
sure of  water,  an  increase  in  motor  moment  of  inertia, 
or  a  pressure  control  device,  is  employed  to  prevent 
water  column  separation. 

When  check  valves  are  present  in  a  discharge  line, 
the  water-hammer  effects  were  computed  assuming 
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that  the  check  valve  closes  immediately  upon  the  re- 
versal of  flow. 

When  a  surge  chamber  was  included  in  the  design, 
the  top  of  the  chamber  was  established  by  adding  suf- 
ficient freeboard  to  the  highest  upsurge  attained  to 
prevent  spilling  (or  to  avoid  topping  out  in  the  tail- 
race  tunnels  of  the  underground  Hyatt  Powerplant). 
The  bottom  of  the  surge  chamber  was  located  at  a 
sufficient  distance  below  the  lowest  downsurge  to  pre- 
vent air  from  entering  the  discharge  line. 

With  an  air  chamber  present  in  a  pump  discharge 
line  system  (Pearblossom  Pumping  Plant),  water 
hammer  was  determined  by  using  the  minimum  vol- 
ume of  air  in  the  air  chamber  at  which  point  an  air 
compressor  normally  would  start  up. 

The  maximum  design  head  for  a  pump,  valve,  or 
discharge  line  inside  a  plant  included  the  water-ham- 
mer effects  for  the  normal  condition  operation  listed 
above  with  a  liberal  factor  of  safety  based  upon  the 
material  (generally,  '/  the  ultimate  strength  or  /,  the 
yield  strength).  Also,  a  conservative  factor  of  safety 
was  applied  against  collapse. 

Emergency  Conditions  of  Pumping  Mode  Opera- 
tion. For  emergency  conditions,  a  malfunctioning  of 
pressure  control  equipment  was  assumed  as  follows: 

1.  When  surge  suppressors  or  pressure  relief 
valves  are  present,  one  is  assumed  to  be  inopera- 
tive. 

2.  If  a  check  valve  is  used  to  shut  off  the  return 
flow  through  a  pump,  the  check  valve  closure  of 
one  unit  was  assumed  to  be  delayed  and  to  occur 
at  the  time  of  maximum  reverse  flow. 

3.  Where  air  inlet  valves  are  included,  they 
were  assumed  to  be  inoperative. 

4.  With  an  air  chamber  present  in  a  pump  dis- 
charge line  system,  the  water-hammer  effects 
were  determined  bv  using  the  minimum  volume 
of  air  in  the  air  chamber,  at  which  point  an  emer- 
gency trip-out  of  all  pumps  on  the  discharge  line 
was  assumed  to  occur. 

The  head  for  which  a  pump,  valve,  or  discharge  line 
within  the  plant  was  designed  included  the  water- 
hammer  effects  for  the  conditions  of  emergency  oper- 
ation listed  above  with  a  minimum  factor  of  safety  of 
2  based  on  the  ultimate  strength  or  '/  of  the  minimum 
yield  strength  of  the  material. 

Normal  Turbine  Operation.  For  normal  condi- 
tions of  turbine  operation,  the  following  were  as- 
sumed to  apply: 

1 .  Turbines  operating  at  any  gate  position  may 
be  required  to  reject  all  loads  up  to  115%  of  the 
plant  generating  capacity. 

2.  When  a  turbine  installation  is  equipped  with 
any  pressure  control  devices  (e.g.,  surge  cham- 
bers, governor  control  apparatus,  cushioning 
stroke  device),  it  was  assumed  that  they  will  oper- 
ate correctly. 


3.  The  hydraulic  transients  were  computed  on 
the  basis  of  maximum  governor  servomotor  rate 
(minimum  time). 

4.  The  turbine  gates  may  be  closed  at  any  time  by 
the  action  of  the  governor  head,  by  manual  control 
of  the  main  relay  valve,  or  by  the  emergency  sole- 
noid shutdown  device. 

5.  Criteria  for  penstock  downsurge,  upsurge, 
surge  chamber  design,  and  allowable  stresses  for 
normal  operation  is  the  same  as  previously  noted  for 
normal  pump  operation. 

Emergency  Conditions  of  Turbine  Operation.  For 

emergency  conditions  of  turbine  operation,  the  fol- 
lowing were  assumed  to  apply: 

1.  The  servomotor  cushioning  stroke  was  as- 
sumed to  be  inoperative  on  one  unit. 

2.  The  maximum  upsurge  at  the  turbine  was 
computed  for  maximum  reservoir  head  condition 
for  the  part  gate  closure  to  zero  gate  position  in 
_  seconds  (where  L  =  penstock  length  and 
a  =  velocity  of  sound  in  water)  on  one  unit  at  the 
maximum  governor  rate. 

3.  Turbines,  valves,  and  other  pressure  control 
devices  and  the  portions  of  the  penstocks  within 
the  powerplant  were  designed  for  the  emergency 
conditions  with  the  same  factor  of  safety  as  for 
operation  of  pumping  units. 

Hydraulic  Transient  Testing.  After  pump  or  tur- 
bine installation  and  as  soon  as  practical  after  the  start 
of  operation,  multiunit  hydraulic  transient  tests  were 
performed  to  verify  design  adequacy;  establish  op- 
timum operating  time  for  pressure  control  devices; 
and  verify  operational  reliability  of  the  equipment, 
systems,  and  integrated  facilities. 

Mechanical  Standards  and  Codes 

In  the  design  of  mechanical  features,  the  Depart- 
ment complied  with  Titles  8,  19,  and  24  of  the  Califor- 
nia Administrative  Code.  Title  8  covers  the  Industrial 
Safety  Orders  such  as  the  Unfired  Pressure  Vessel 
Safety  Orders,  Elevator  Safety  Orders,  and  the  Gen- 
eral Industrial  Safety  Orders.  'Title  19  covers  the  regu- 
lations of  the  Office  of  State  Fire  Marshal  and  sets  the 
minimum  standards  to  which  equipment  was  de- 
signed for  the  prevention  of  fire  and  the  protection  of 
life  and  property.  Title  24,  the  State  Building  Stand- 
ards, regulates  the  design  of  air-conditioning,  plumb- 
ing, and  gas  systems. 

'The  following  principal  nongovernmental  stand- 
ards were  used  in  the  design  of  the  mechanical  systems 
and  equipment: 

1.  American   Society   of  Mechanical    Fngineers 
(ASME) 

2.  American    Society    for    Testing   and    Materials 
(AS'TM) 
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3.  National   Electrical   Manufacturers  Association 
(NEMA) 

4.  American  Welding  Society  (AWS) 

5.  American  Water  Works  Association 
(AWWA) 

6.  American  Iron  and  Steel  Institute  (AISI) 

7.  Society  of  Automotive  Engineers  (SAE) 

8.  American     Gear     Manufacturers     Association 
(AGMA) 

9.  American  Society  of  Heating,  Refrigerating  and 
Air  Conditioning  Engineers  (ASHRAE) 

10.  National  Fire  Protection  Association  (NFPA) 

11.  Underwriters'  Laboratories  (UL) 

12.  Hydraulic  Institute 

In  addition,  design  standards  and  guide  specifications 
published  by  governmental  organizations,  such  as  the 
U.S.  Bureau  of  Reclamation  and  U.S.  Army,  Corps  of 
Engineers,  were  used  frequently  as  references. 

Equipment  and  Systems  Common  to  the  Plants 

The  following  service  systems  are  common  to  most 
power  and  pumping  plants.  The  design  and  type  of  a 
particular  system  may  vary  from  plant  to  plant  due  to 
special  requirements  or  conditions. 

1.  Compressed  air  system 

2.  Raw  water  system 

3.  Treated  water  system 

4.  Water  fire-extinguishing  system 

5.  Carbon  dioxide  fire-extinguishing  system 

6.  Oil  system 

7.  Drainage  system 

8.  Dewatering  system 

9.  Piezometer  system 

10.  Plumbing  and  sewage  system 

11.  Heating,    ventilating,    and    air-conditioning 
system 

12.  Emergency  generator  system 

13.  Elevator 

14.  Equipment  handling  facilities 

Compressed  Air  System.  The  service  air  systems 
provide  air  for  hose  outlets,  instruments,  air-operated 
valves,  generator  and  motor  brakes,  sewage  ejectors, 
hydropneumatic  tanks,  elimination  of  vibration  and 
cavitation  noise,  and  governors  (Figure  24).  In  some 
plants,  the  service  air  systems  are  divided  into  subsys- 
tems of  various  pressures  due  to  operational  pressure 
requirements. 

Air  is  supplied  by  compressors  discharging  into  air 
receivers  normally  located  in  the  service  bay  of  the 
plants.  Plants  with  pumps  or  pump-turbines  which 
require  that  water  be  depressed  for  starting  are  pro- 
vided with  large  air  receivers  to  allow  great  quantities 
of  air  to  be  discharged  into  the  unit  in  a  short  period 
of  time  (Figure  25). 


Figure  26.      Unit  Cooling  Water  Pumps— Wind  Gap  Pumping  Plant 
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Figure   28.     Water  Treatment  System — Wind  Gap 
Pumping  Plant — Angle  View 


Figure   29.      Fire  Water  Pump — Thermolito  Powerplant 


Raw  Water  System.  Raw  water  is  used  to  cool  mo- 
tor and  generator  coils  and  main  bearings,  pump  and 
turbine  wearing  rings,  air-conditioning  units,  and 
some  air  compressors  and  to  supply  the  water  treat- 
ment facilities  (Figure  26). 

Water  normally  is  pumped  from  the  forebay  or  aft- 
erbay  or  taken  from  the  penstocks  or  discharge  lines 
in  the  case  of  power  or  pumping  plants  with  sufficient 
head  to  provide  the  required  pressure.  Engineering 
and  economic  studies  were  made  to  evaluate  relative 
costs.  At  several  plants,  it  was  found  that  using  a  pen- 
stock or  discharge  line  as  a  source  was  the  most  eco- 
nomical solution. 

Treated  Water  System.  A  water  treatment  system 
provides  potable  water  and  water  for  use  in  the  vari- 
ous systems  where  treatment  is  required  for  proper 
functioning.  Water  treatment  normally  is  accom- 
plished with  a  package  unit  consisting  of  sand  filters, 
clarifiers,  backwash  storage  tanks,  clear  well,  pumps, 
storage  tanks,  and  appurtenances.  The  system  per- 
forms the  functions  of  clarification,  sterilization,  taste 
and  odor  control,  and  filtration.  The  type  of  system 
installed  depends  on  the  quality  of  raw  water  available 
at  each  plant  (Figures  27  and  28). 

Water  Fire-Extinguishing  System.  A  water  fire- 
extinguishing  system  consists  of  hydrants  located  in 
and  around  the  plant.  Transformer  deluge  systems, 
together  with  storage  tanks  and  fire  pumps,  also  were 
installed  as  required  (Figure  29). 

Carbon  Dioxide  Fire-Extinguishing  System.  A 
carbon  dioxide  fire-extinguishing  system  was  in- 
stalled to  provide  protection  for  the  unit  motors  and 
generators  and  for  the  oil  handling  rooms.  Normally 
an  air  housing  has  two  separate  headers:  one  connect- 
ed to  an  initial  discharge  bank  of  COz  cylinders  and 
the  other  to  a  delay  discharge  bank  (Figure  30).  The 
release  of  C02  is  initiated  by  any  of  the  following 
means- 

1.  Operation  of  a  differential  relay 

2.  Operation  of  a  thermostat 

3.  Manual  operation  of  a  remote  switch 

4.  Manual  actuation  at  a  cylinder  bank 

For  the  safety  of  personnel,  an  alarm  bell  sounds 
before  C02  is  released  into  the  oil  room.  Pressure- 
actuated  devices  close  fire  doors  in  ventilation  ducts 
and  in  the  passageway  between  the  oil  rooms.  All  elec- 
trical apparatus  in  the  vicinity,  except  lights,  are  de- 
energized  upon  release  of  C02. 

Oil  System.  Lubricating  oil  (turbine  and  hydrau- 
lic oil)  with  rust  and  oxidation  inhibitors  is  used  for 
the  unit  bearings,  for  control  of  turbine  blades  and 
wicket  gates,  and  for  operating  pump  discharge  and 
turbine  shutoff  valves. 
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Drainage  and  Dewatering  Pumps- 
Hyatt  Powerplant 


The  lubricating  oil  handling  system  includes  trans- 
fer pumps,  purifiers,  and  storage  tanks.  In  some 
plants,  provisions  were  made  for  storage  and  purifica- 
tion of  insulating  tranformer  oil;  in  others,  the  oil  is 
delivered  when  needed  and  purified  with  portable 
units  (Figure  31). 

Drainage  System.  The  plant  gravity  drainage  sys- 
tem provides  for  surface  drainage  of  all  floors,  drain- 
age of  the  generator  or  motor  housing,  seepage 
through  walls,  leakage  through  expansion  joints,  and 
drainage  from  mechanical  equipment.  The  floor  and 
equipment  drain  lines  usually  are  connected  to  a  head- 
er leading  to  the  main  drainage  sump.  Acid  waste  is 
piped  to  a  separate  sump  in  some  plants.  In  oil  rooms 
and  transformer  vaults,  chilling  drains  are  used  and 
normally  are  piped  to  a  separate  sump.  Separate  grav- 
ity drainage  svstems  are  provided  in  many  pumping 
plants  for  the  discharge  line  coupling  galleries.  Piping 
is  installed  with  a  slope  of  1  to  2%  toward  each  sump, 
and  all  pipes  entering  each  sump  are  provided  with 
flap  valves. 

Drainage  pumps  are  usually  vertical  turbine  type, 
directly  connected  to  a  vertical,  hollow-shaft,  electric 
motor.  Generally,  two  equal-size  pumps  are  installed 
in  parallel,  sized  such  that  one  pump  is  capable  of 
handling  all  drainage  requirements  with  the  second 
pump  used  for  standby  service  (Figure  32). 

Dewatering  System.  The  dewatering  system  in- 
cludes all  valves  and  piping  necessary  to  drain  the 
turbines  or  pumps  into  the  station  sump.  Normally 
two  pumps,  including  one  as  standby,  are  installed. 
The  pumps  are  similar  in  type  and  duty  to  the  gravity 
drainage  pumps  described  previously.  Where  separate 
drainage  and  dewatering  sumps  were  provided,  check 
valves  were  installed  through  the  common  wall  to 
allow  overflow  from  one  sump  to  the  other. 

Piezometer  System.  Piezometer  taps  commonly 
are  provided  at  various  locations  in  the  waterway  of 
each  turbine  or  pump  and  throughout  various  auxil- 
iary systems  for  measurement  of  pressure.  Piezometer 
taps  which  are  embedded  or  otherwise  inaccessible  are 
piped  to  convenient  locations  for  connection  to  pres- 
sure measuring  equipment.  Piezometer  pipe  ring 
headers  are  used,  where  appropriate,  for  pressure 
averaging. 

Piezometer  taps  across  penstock  reducing  sections, 
pump  suction  elbows,  and  turbine  cases  (Winter- 
Kennedy  taps)  are  suitable  for  flowmetering  after 
calibration.  Calibration  of  the  flowmeter  taps  was  ei- 
ther done  bv  the  Gibson  or  salt-velocitv  method  as  a 
part  of  the  efficiencv  testing  or,  in  the  case  of  the 
suction  elbow,  bv  flowmeter  coefficients  established 
by  pump  model  studies. 
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Plumbing  and  Sewage  System.  Water  is  supplied 
to  the  plumbing  system  from  the  treated  water  sys- 
tem. Waste  normally  flows  by  gravity  to  the  septic 
tank  or  sewage  ejectors.  The  septic  tank  and  sewage 
treatment  facilities  at  some  installations  are  located 
contiguous  to,  rather  than  in,  the  plant.  Where  the 
septic  tank  is  located  in  the  plant,  septic  effluent  is 
pumped  automatically  from  the  tank  into  a  sewage 
disposal  system  (Figure  33). 

Heating,  Ventilating,  and  Air-Conditioning  Sys- 
tem. The  air-conditioning  system  is  either  of  the 
central-  or  package-type  refrigeration  unit  with  elec- 
tric heating  coils  for  winter  heating.  The  central-type 
system  is  installed  with  large  fans  and  duct  work 
which  circulate  the  air  through  the  plant,  utilizing 
either  refrigeration  water  chillers  or  reservoir  water 
for  cooling  (Figure  34).  Package-type  refrigeration 
units  are  of  the  water-cooled  or  air-cooled  condenser 
types  and  are  located  as  necessary  throughout  the 
plant.  A  few  smaller  plants  have  evaporative  cooling. 

Emergency  Generator  System.  Plants  are  pro- 
vided with  emergency  engine-generator  sets  together 
with  fuel  storage  tanks,  interconnecting  piping,  and 
electrical  controls  to  furnish  standby  power  if  there  is 
an  interruption  of  normal  power  supply.  All  engines 
are  liquefied  petroleum  gas  or  diesel-fueled. 

Elevator.  In  most  plants,  an  electric  freight  eleva- 
tor with  fully  automatic  controls  is  installed  in  the 
service  bay  with  landings  on  all  floors.  They  are  either 
underslung  or  overhead  machinery  type  depending 
on  requirements  of  each  plant. 

Equipment-Handling  Facilities.  At  each  major 
plant,  traveling  cranes  are  provided  to  lift  and  trans- 
port pumps,  turbines,  motors,  generators,  discharge 
and  shutoff  valves,  and  other  miscellaneous  equip- 
ment during  installation,  maintenance,  and  repair 
(Figure  35).  Indoor  plants  are  provided  with  over- 
head bridge  cranes  of  conventional  design.  Where 
bulkhead-type  gates  are  provided  on  the  pump  suction 
tubes  and  turbine  draft  tubes  and  intakes,  gantry-type 
cranes  are  installed. 

Design  requirements  for  cranes,  such  as  capacity 
and  speed  for  the  main  and  auxiliary  hoists,  were  de- 
termined from  the  plant  and  equipment  requirements 
and  are  listed  in  the  chapters  for  the  particular  plant. 
Bridge  cranes  are  required  to  meet  applicable  struc- 
tural requirements  of  American  Iron  and  Steel  Insti- 
tute Standard  No.  6.  Gantry  cranes  are  required  to 
meet  the  applicable  requirement  of  Electric  Overhead 
Crane  Institute  Specification  No.  61.  Bridge  and  gan- 
try clearances  are  as  required  by  the  "American 
Standard  Safety  Code  for  Cranes,  Derricks  and 
Hoists"  and  applicable  sections  of  the  "General  Indus- 
trial Safety  Orders"  of  the  State  of  California. 


Figure  35. 


antry  C 


Wind  Gap  Pumping  Plant 
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Siphon  Outlet  Valve 

Incorporated  in  the  siphon  outlet  structure  at  the 
end  of  each  discharge  line  at  Dos  Amigos,  Buena 
Vista,  Wheeler  Ridge,  Wind  Gap,  Oso,  and  Pearblos- 
som  Pumping  Plants  is  one  siphon  breaker  valve.  The 
valve  is  used  to  isolate  the  siphon  from  atmospheric 
pressure  when  pumping  and  to  admit  air  when  not 
pumping  (Figure  36). 

In  the  pumping  mode,  the  siphon  valve  is  closed  and 
the  trapped  air  in  the  crown  of  the  siphon  is  removed 
with  vacuum  pumps.  This  reduces  the  head  loss 
through  the  siphon,  resulting  in  a  lower  head  against 
which  the  pump  must  operate.  When  the  pump  is  shut 
down,  the  siphon  valve  opens  to  admit  air  into  the 
siphon  to  prevent  backflow  from  the  Aqueduct. 

Each  valve  consists  of  a  cast-steel  body  and  top,  with 
neoprene  gaskets  for  the  cast-steel  spool.  The  spool 
has  stainless-steel  seats  and  a  stainless-steel  stem.  A 
pneumatic  cylinder  mounted  on  top  of  the  valve,  con- 
nected to  the  stem,  raises  the  spool  against  the  seals, 
closing  the  valve.  In  the  event  of  an  electrical  power 
failure,  the  weight  of  the  spool  is  sufficient  to  open  the 
valve. 

A  control  house  located  adjacent  to  the  siphon 
valves  contains  three  vacuum  pumps,  two  air  com- 
pressor-receiver units,  and  one  motor  control  center 
to  provide  power  for,  and  control  of,  the  siphon 
valves. 

Suction  Elbows 

The  pump  intakes  on  Buena  Vista,  Wheeler  Ridge, 
Wind  Gap,  Oso,  and  Pearblossom  Pumping  Plants  are 
the  elbow  type,  with  a  bend  of  135  degrees.  The  in- 
takes at  Delta  Pumping  Plant  and  the  smaller  plants 


are  the  90-degree  elbow  type  and  other  conventional 
types. 

The  135-degree  intake  was  devek  ped  by  the  U.S. 
Bureau  of  Reclamation  for  the  pumping  plants  on  the 
San  Luis  Unit  of  the  California  Aqueduct  (see  U.S. 
Bureau  of  Reclamation,  Hydraulic  Branch  Report  No. 
Hvd-513).  It  offers  minimum  first  cost  by  reducing 
excavation  and  concrete  quantities.  Operating  costs 
also  should  be  minimal  because  of  the  low  head  loss 
through  the  tube.  Model  tests  have  indicated  that  the 
tube  produces  a  uniform  velocity  distribution  at  the 
eye  of  the  pump,  thereby  helping  the  pump  to  operate 
more  efficiently. 

Neat  lines  of  the  suction  tubes  were  developed  by 
the  Department  for  each  pump.  Specifications  for  the 
pumps  allowed  the  manufacturer  to  modify  these  lines 
within  certain  limits  (usually  the  second-stage  con- 
crete) to  suit  the  pump.  The  concrete  portions  of  the 
elbows  were  constructed  by  the  building  contractors 
while  the  steel  portions  were  furnished  and  installed 
by  the  pump  contractor.  Each  suction  elbow  is 
equipped  with  a  man-door,  a  dewatering  outlet,  and 
fill  and  vent  lines. 

Intake  and  Draft-Tube  Gates 

Structural-steel  bulkhead  gates  are  provided  for  clo- 
sure of  the  pump  intakes  and  turbine  draft  tubes  for 
all  major  plants  to  permit  dewatering  of  a  unit  for 
inspection  and  maintenance.  The  size  of  the  gates  are 
dependent  on  the  dimensions  of  the  intake  or  draft 
tube.  These  gates  are  placed  in  the  intake  slots  under 
no-flow  conditions.  Temporary  storage  of  the  gates  is 
provided  at  the  top  of  each  gate  slot.  The  gates  gener- 
ally are  handled  by  gantry  cranes  or  hoists  mounted 
on  monorails. 


Figure  36.     Siphon  Outlet  Valve — Wind  Gap  Pumping  Plant 
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Electrical  Features 

General 

Design  of  the  electrical  equipment  and  systems  for 
power  and  pumping  plants  followed  the  traditional 
pattern  for  these  types  of  installations.  The  major 
power  equipment  must  be  rugged  and  dependable. 
Control,  protective,  and  metering  systems  must  be 
fast,  accurate,  and  dependable.  All  designs  were  estab- 
lished using  the  above  criteria  and  considered  safety, 
operation,  maintenance,  and  established  codes. 

No  single  method  of  motor  starting  was  found  to  be 
most  suitable  for  all  plants.  Conditions  of  speed,  horse- 
power, number  of  units,  and  economics  influenced 
decisions  at  each  plant.  Descriptions  of  the  various 
methods  are  contained  in  following  chapters.  The 
auxiliary  systems  intentionally  were  designed  similar- 
ly to  facilitate  operation  and  maintenance. 

One  innovative  concept  was  the  use  of  a  computer 
system  for  total  control  of  power  and  pumping  plants. 
The  computer  was  designed  for  controlling,  data  log- 
ging, monitoring,  and  annunciating  all  plant  opera- 
tions at  the  plant  control  center  and  for  certain 
control  and  monitoring  at  a  remote  area  control  cen- 
ter. These  systems  are  described  in  Volume  V  of  this 
bulletin.  A  local,  manual,  control  system  provides 
back-up  to  the  computer  system. 

Computer  programs  were  developed  to  assist  in  de- 
sign work.  These  were  used  for  grounding  calcula- 
tions, cable  routing,  conduit  schedules,  and  ter- 
mination schedules. 

Electrical  Standards  and  Codes 

During  preparation  of  designs  and  specifications, 
the  Department  made  use  of  standards  and  codes  de- 
veloped by  various  organizations.  These  standards  es- 
tablished a  common  and  well-known  guide  for  the 
quality  of  the  equipment  and  systems  sought.  Test 
codes  were  especially  important  to  establish  proce- 
dures, tolerances,  and  required  results.  A  list  of  orga- 
nizations whose  codes  were  utilized  follows: 

ASTM — American  Society  for  Testing  and 
Materials 

AWS — American  Welding  Society 

GO  95— General  Order  No.  95,  Rules  for  Over- 
head Electrical  Line  Construction,  State 
of  California,  Public  Utilities  Commis- 
sion 


IEEE- 


-Institute  of  Electrical  and  Electronics  En- 
gineers 


IPCEA — Insulated  Power  Cable  Engineers  As- 
sociation 

NEC — National  Electrical  Code 

NEMA — National  Electrical  Manufacturer's  As- 
sociation 

NESC — National  Electrical  Safety  Code 


UL — Underwriters'  Laboratories,  Inc. 
ANSI — American  National  Standards  Institute, 
Inc.  (formerly  USAS  and  ASA) 
The  Department  also  developed  various  informal 
standards  for  its  own  use.  Some  of  the  department 
standards  which  were  used  follow: 

1.  Switchboard  mimic  bus  material  and  color 
coding. 

2.  Test  facilities  for  differential  relay  circuits. 

3.  Wiring  devices — This  standard  establishes  the 
types  of  devices  to  be  used  for  different  ap- 
plications and  suitable  company  products. 

4.  Monitoring  of  circuit  breaker  trip  coil. 

5.  Phase  sequence  and  relations — This  relates  the 
phase  sequence  of  motors,  generators,  and 
transformers  to  phase  conductor  positions  in 
switchyards,  switchgear,  and  bus  connections. 

It  was  the  intent  of  the  Department  not  to  standard- 
ize on  the  product  of  one  manufacturer  for  use 
throughout  the  Project.  Such  standardization  would 
not  have  conformed  with  the  intent  of  state  law  re- 
quiring competitive  bidding.  Two  exceptions  were 
made  to  this  practice,  both  in  the  interest  of  conven- 
ience and  safety  of  operations.  A  demand  meter  was 
selected  to  provide  a  record  at  the  plants  which  was 
directly  usable  by  the  utilities.  The  test  blocks  and  test 
switches  for  switchboards  and  switchgear  were  stand- 
ardized for  uniformity  of  use  by  the  test  technicians. 

Selection  of  Major  Equipment  and  Design  Criteria 
Power  Transformers.  The  17  power  transformers 
located  at  Thermalito  Powerplant  and  at  Delta,  Buena 
Vista,  Wheeler  Ridge,  Wind  Gap,  and  Pearblossom 
Pumping  Plants  have  the  following  common  charac- 
teristics. They  are  3-phase,  60  Hz,  type  OA/FA  (oil- 
immersed,  self-cooled/forced-air-cooled)  with  a  nomi- 
nal 220-kV  grounded-wye,  high-voltage  winding,  and 
a  nominal  13.2-kV  delta  secondary  winding  or  wind- 
ings. The  selection  of  these  17  transformers  will  be 
discussed  first,  and  then  exceptions  to  this  type  of 
transformer  at  other  plants  will  be  considered. 

The  number  of  power  transformers  at  each  plant 
varies  from  two  to  seven.  The  number  in  a  plant  was 
determined  by  the  size  of  the  load  and  the  motor  start- 
ing method  which  was  used.  A  minimum  of  two  trans- 
formers was  established  so  that  a  transformer  outage 
of  any  kind  would  not  make  the  entire  plant  inopera- 
tive. Less  expensive  switchgear  is  required  when  two 
smaller  transformers  are  used.  The  following  factors 
were  considered  in  finally  selecting  a  minimum  of  two 
transformers  for  each  plant: 

1.  The  reliability  of  plant  operation  is  greatly  in- 
creased by  having  more  than  two  transformers,  an 
advantage  which  is  offset  by  the  initial  greater  cost 
and  added  maintenance. 

2.  A  study  by  a  major  power  producer,  on  power 
plants  representing  5,000  MW  of  power  generation 
over  15  years,  showed  that  modern  transformers  usu- 
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ailv  are  highly  reliable.  No  internal  transformer  faults 
had  occurred,  and  external  failures  were  confined  to 
bushings  and  leakage  of  the  cooling  system.  This  in- 
dicated that  additional  transformers  above  the  mini- 
mum of  two  need  not  be  installed  to  gain  reliability. 

3.  An  arrangement  of  more  than  two  transformers 
requires  the  installation  of  additional  towers  and 
switches  in  the  transformer  yard.  Use  of  two  trans- 
formers results  in  two  lines  connected  directly  to  the 
transformers  and  terminating  on  the  plant  superstruc- 
ture (Figure  37). 

4.  Two  transformers  at  smaller  plants  allowed  the 
installation  to  remain  within  the  interrupting  capaci- 
ty limit  of  15-kV  metal-clad  switchgear.  One  trans- 
former necessitates  air-blast,  station-type  breakers 
which  increases  the  cost  and  maintenance  for  the 
breakers. 

Transformer  windings  are  connected  grounded 
wye  on  the  high-voltage  side  and  delta  on  the  low- 
voltage  side.  The  selection  of  the  wye-delta  connec- 
tion was  based  on  the  following: 

1.  The  grounded  neutral  lowers  the  basic  insulation 
level  (BID  requirement  of  the  transformer,  resulting 
in  a  less  expensive  unit. 

2.  A  BIL  of  825  kV  for  the  transformer  was  consid- 
ered to  be  consistent  with  the  current  industry  trend 
toward  lower  BIL.  Present-day  equipment,  such  as 
fast-tripping  circuit  breakers  and  improved  lightning 
arresters,  makes  the  use  of  lower  BIL  possible. 
However,  to  be  conservative  in  design,  the  transform- 
ers selected  have  a  BIL  rating  of  900  kV. 

3.  Protective  relaying  on  the  grounded  neutral  pro- 
tects the  transformer  by  detecting  ground  faults  in  the 
220-kV  system. 

4.  Wye-wye  or  delta-delta  connections  are  undesir- 
able because  of  third  harmonic  voltages  occurring, 
which  would  cause  stress  on  winding  insulation. 


Figure  37.     42.7S 


Each  transformer  has  a  no-load  tap  changer  in  the 
high-voltage  windings  to  adjust  for  deviation  from 
nominal  line  voltage  of  220  kV. 

Three  types  of  transformer  cooling  were  consid- 
ered: OA  (oil-immersed,  self-cooled),  OA/ FA  (oil-im- 
mersed, self-cooled/forced-air-cooled),  and  FOA 
(forced-oil  and  forced-air-cooled).  A  comparative  eco- 
nomic study  was  made  of  these  three  types  of  cooling 
using  a  35-year  life  and  present  value  based  on  a  4% 
interest  rate.  Type  OA/FA  cooling  was  selected  after 
considering  the  following  factors: 

1.  High  initial  cost  and  low  operating  cost  of  OA- 
type  transformers  over  a  35-year  period  showed  the 
total  cost  to  be  greater  than  the  OA/FA  and  FOA 
transformers.  Also,  because  of  the  greater  size  and 
weight  involved,  a  larger  and  stronger  foundation 
would  be  required. 

2.  The  studv  indicated  negligible  cost  difference  be- 
tween OA/FA  and  FOA  transformers  over  35  years. 
Although  initial  cost  of  FOA  would  have  been  less 
than  the  OA/FA  type,  cost  of  power  required  for  aux- 
iliary equipment  on  the  FOA  type  would  have  exceed- 
ed that  for  the  OA/FA  type.  Beyond  the  35-year 
period,  the  OA/FA  type  would  be  more  economical  to 
operate. 

3.  Maintenance  on  the  FOA-type  transformer 
would  be  more  frequent  than  that  for  the  OA/  FA  type 
because  of  oil  pumps. 

4.  The  dual  rating  of  the  OA/FA  type  adapted  to 
the  number  of  motors  connected.  When  one  or  more 
motors  were  not  operated,  fan-cooling  equipment 
would  not  be  required. 

The  transformers  at  the  remaining  plants  are  identi- 
cal in  characteristics  to  the  transformers  discussed 
previously  with  the  following  exceptions: 

1.  The  transformers  at  Hyatt  Powerplant  are  type 
FOW  (oil-immersed,  forced-oil-cooled,  forced-water- 
cooled).  These  transformers  are  located  in  the  under- 
ground powerhouse,  and  type  FOW  cooling  is  the 
most  efficient  method  of  removing  heat  and  results  in 
a  transformer  of  minimum  physical  size  and  space 
costs. 

2.  Transformers  for  San  Luis  Pumping-Generating 
Plant  and  Dos  Amigos  Pumping  Plant  are  identical 
and  were  purchased  in  a  single  contract  by  the  U.  S. 
Bureau  of  Reclamation.  Thev  were  specified  with 
three  cooling  ratings  due  to  the  varying  load  caused  by 
reservoir  level,  and  three  classes  of  cooling  were  ac- 
ceptable; that  is,  OA/FA/FA,  OA/FOA/FOA,  and 
OA/FA/FOA.  The  contractor  chose  to  furnish  OA/ 
FA/FOA. 

3.  Transformers  at  A.  I).  Fdmonston  Pumping 
Plant  are  type  OA  and  were  selected  to  conform  to  the 
more  conservative  design  of  this  large  plant 

4.  Transformers  at  Oso  Pumping  Plant  have  a  67.5- 
kY  high-voltage  winding  for  the  available  utility  serv- 
ice. The  low-voltage  winding  has  a  half-voltage  tap  to 
start  the  large  motors  at  reduced  voltage  (Figure  38). 
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Figure  38.      28.5/38. 0-MVA  Transformer — Oso  Pumping  Plant 

5.  The  transformers  at  Devil  Canvon  Powerplant 
have  a  115-kY  high-voltage  winding  to  match  the  ex- 
isting transmission  line  voltage. 

Selection  of  transformers  for  the  smaller  pumping 
plants  (Las  Perillas,  Badger  Hill,  North  Bay  Interim, 
South  Bav,  and  Del  Yalle)  is  covered  in  the  individual 
chapters  on  these  plants. 

Spare  Power  Transformer.  A  spare  transformer 
was  purchased  for  Edward  Hyatt  Powerplant  with  a 
rating  of  128  MVA  and  either  FOA  or  FOW  cooling 
systems.  This  transformer  can  be  used  to  replace  the 
largest  transformers  on  the  Project,  which  are  at  Ed- 
ward Hyatt  Powerplant  and  A.  D.  Edmonston  Pump- 
ing Plant.  It  also  can  be  used  as  a  spare  at  all  major 
plants  on  the  Project  except  Devil  Canyon,  Delta,  and 
Oso. 

Using  the  spare  at  Delta  Pumping  Plant  would 
cause  the  interrupting  capacity  of  the  switchgear  to  be 
exceeded,  and  the  spare  does  not  match  the  voltage 
used  at  Oso  and  Devil  Canvon.  A  spare  transformer  is 
not  considered  essential  at  these  three  plants  since 
they  have  storage  reservoirs  to  provide  back-up  water 
service. 

Generators  and  Motor-Generators.  The  electrical 
and  mechanical  designs  of  the  generators  and  motor- 
generators  were  selected  to  match  requirements  of  the 
utility  power  systems  and  the  hydraulic  conditions  ot 
the  plants.  Standard  designs  were  specified  wherever 
possible  to  minimize  costs. 

Class  B  insulation  which  permits  a  60  degree  Celsius 
temperature  rise  rating  to  match  the  turbine  or  pump- 
turbine  power  at  rated  head  was  specified  as  standard. 
Class  B  insulation  also  permits  a  15%  overload  with- 
out exceeding  a  permissible  80  degree  Celsius  temper- 
ature rise.  Terminal  voltages  specified  were  primarily 
based  on  manufacturer's  recommendations.  Rated 
motor  voltage  of  motor-generators  is  5%  less  than  the 
rated  generator  voltage  to  allow  for  the  system  voltage 
drop.  Each  generator  and  motor-generator  has  a  direc; 
connected  exciter. 


Motors.  Several  features  and  design  considera- 
tions for  motors  are  common  to  the  major  pumping 
plants  of  the  Project.  The  selected  design  provides  an 
air  housing,  direct-connected  exciters,  one  thrust  and 
two  guide  bearings,  and  a  conservative  temperature 
rating. 

All  large  motors  have  one  guide  bearing  and  one 
thrust  bearing  above  the  rotor  and  a  second  guide 
bearing  below  the  rotor.  Two  guide  bearings  were 
specified  to  achieve  maximum  stability  during  reverse 
runaway  speed  and  possible  earthquake  motion.  Most 
of  the  motors  have  a  relatively  high  speed  for  vertical 
machines.  The  thrust  bearing  was  located  above  the 
rotor  mainly  to  simplify  the  building  design  and  allow 
construction  of  the  building  to  start  prior  to  design  of 
the  motor.  Headroom  requirements  were  greater; 
however,  structural  configuration  below  the  motor 
was  simplified.  Space  below  the  motor  floor  was  re- 
duced since  the  bearing  would  be  lifted  upward  rather 
than  lowered  and  moved  horizontally  at  a  lower  plant 
elevation.  Thrust-bearing  high-pressure  oil  pumps 
were  installed  in  the  thrust  bearing  to  lift  the  rotor 
prior  to  starting  and  assist  in  lubrication,  both  during 
starting  and  stopping.  The  off-peak  pumping  schedule 
of  the  units  made  this  precaution  necessarv  to  ensure 
the  longest  possible  life  of  the  thrust  bearing.  The 
motor  also  can  start  and  stop  without  use  of  the  lift 
pump,  if  the  need  arises. 

Class  B  insulation  with  a  temperature  rating  of  80 
degrees  Celsius  was  required  although  the  actual  rise 
was  limited  to  60  degrees  Celsius  for  rated  operating 
conditions.  In  effect,  this  requirement  provides  an 
overload  capability  of  about  15%  if  the  pump  requires 
more  horsepower  than  the  pump  model  tests  indicat- 
ed. Also,  voltage  fluctuations  may  cause  a  change  from 
rated  conditions,  and  a  longer  motor  life  can  be  ex- 
pected if  the  rise  does  not  exceed  60  degrees  Celsius. 

Direct-connected  exciters  were  selected  rather  than 
unit  static  exciters,  primarily  for  reliability.  Direct- 
connected  exciters  have  proven  to  be  satisfactory  over 
many  years  of  operating  experience  (Figure  39).  Stat- 
ic exciters  had  limited  operating  experience,  and  their 


Figure   39.     Generator  and  Motor-Generator  Exciters — Edward 
Hyatt  Powerplant 
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use  was  even  more  indeterminable  for  motors  of  the 
sizes  required.  A  single,  separate,  ex-citation  system  for 
all  motors  in  a  plant  was  considered.  These  units 
could  have  been  higher  speed  and  much  lower  in  cost. 
The  single  system  was  rejected  under  reliability  con- 
siderations. 

Enclosures,  either  concrete  or  steel,  were  provided 
for  use  in  cooling  and  protection  of  the  motors.  The 
motor  heat  loss  is  absorbed  in  air-to-water  heat  ex- 
changers inside  the  enclosures  to  assure  uniform  mo- 
tor temperatures.  An  extensive  cooling  system  for  the 
building  is  not  necessary  if  motor  heat  is  eliminated 
without  release  into  the  building.  Motor  enclosures 
made  it  possible  to  provide  C02  for  protection  in 
event  of  fire  in  the  motor  (Figures  40  and  41). 

Power  Circuit  Breakers.     Breakers  for  use  in  the 

230-kV  switchyards  are  rated  at  20,000-MYA  inter- 
rupting capacity  in  three  cycles.  This  was  the  highest 
capacity  available  at  the  time  of  procurement  and  pro- 
vided for  future  system  growth.  This  selection  was 
made  regardless  of  a  lesser  need,  since  the  cost  increase 
over  lower  capacity  breakers  was  too  little  to  influence 
the  choice.  Higher  voltage  transmission  systems  with 
higher  capacity  requirements  can  be  expected  in  the 
future.  These  future  interconnections  probably 
would  dictate  replacement  of  lower  capacity  breakers 
had  they  been  selected. 

Oil  and  oil-less  circuit  breakers  were  evaluated 
(Figures  42  and  43).  The  decision  to  use  oil-less  break- 
ers was  based  on  an  engineering  and  economic  evalua- 
tion which,  because  of  the  lighter  breaker  weight, 
included  reductions  in  cost  for  annual  maintenance, 
foundation  (approximately  70%  less),  and  installa- 
tion. Oil-handling  and  fire-protection  equipment 
were  not  required,  permitting  even  further  cost  sav- 
ings. 

High-Voltage  Systems.  The  high-voltage  system 
includes  all  equipment  operating  at  transmission-line 
voltage  at  each  plant.  All  equipment  is  in  a  fenced 
yard.  At  Edward  Hyatt  Powerplant,  the  power  trans- 
formers are  located  in  the  powerhouse,  and  the  con- 
nections from  the  switchyard  to  the  transformers  are 
made  underground  using  230-kY  pipe-type  cable. 
Connections  at  all  other  plants  utilize  overhead  con- 
ductors. 


Figure   42.      230-kV  SF6  Circuit  Breaker— Delta  Pumping  Plant 


Figure   43.      230-kV  Air-Blast  Circuit  Breaker— Pearblosson 
Pumping  Plant 
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Switchyards  were  located  as  near  the  plant  struc- 
ture as  permitted  by  the  plant  site  to  minimize  control 
cable  lengths  and  for  convenience  of  operation  (Fig- 
ure 44).  At  all  major  pumping  plants,  switchyards 
were  located  outside  of  the  bowl  excavation  for  the 
plant  to  save  excavation  costs.  Transformers  were 
located  close  to  the  plant  structure  to  minimize  lou- 
voltage  bus  or  cable  runs  (Figure  45).  They  were 
located  in  the  switchyard  for  smaller  plants,  where 
both  switching  equipment  and  transformers  could  be 
adjacent  to  the  plant  structure. 

High-voltage  switching  arrangements  were  selected 
after  consideration  of  the  flexibility  and  protection 
required  at  each  plant.  The  number  of  utilitv  lines  and 
their  reliability  were  also  a  factor.  Equipment  in  the 
switchyard  consists  of  power  circuit  breakers,  discon- 
necting switches,  lightning  arresters,  and  instrument 
transformers.  Operating  voltages  were  determined 
primarily  by  load  requirements.  Transmission  lines 
were  constructed  by  the  utilities  to  provide  a  voltage 
level  consistent  with  the  load.  Electrical  insulation 
levels  and  protective  equipment  were  coordinated  to 
provide  safe  margins  of  insulation  strength  over  the 
maximum  voltages  permitted  by  protective  devices. 

Local  Control  Systems.  In  addition  to  the  supervi- 
sory control  systems  described  in  Volume  V  of  this 
bulletin,  there  is  a  local  control  system  for  each  plant. 
Local  systems  are  interfaced  with  supervisory  systems 
for  remote  control  and  monitoring,  or  monitoring 
only,  of  each  plant  (Figure  46).  In  conjunction  with 
supervisory  systems,  local  systems  were  designed  for 
minimum  operator  attendance  at  the  plants. 

The  control  system  includes  equipment  to  permit 
plant  operators  to  control  and  supervise  operation  of 
the  motors  or  generators  and  the  plant  auxiliaries. 
This  consists  primarily  of  indicating  and  recording 
instruments,  control  switches,  protective  relays,  and 
annunciators.  In  the  larger  plants,  equipment  is 
mounted  on  switchboard  panels,  while  in  smaller 
pumping  plants  the  equipment  is  mounted  on  panels 
in  the  motor  switchgear.  Equipment  is  arranged  on 
the  panels  to  provide  maximum  convenience  and  ac- 
curacy for  manual  operations  and  maintenance  (Fig- 
ures 47  and  48). 


Figure   45.      Transformer  Yard— Wind  Gap  Pumping  Plant 


Figure   46.      Plant  Control  Console  and  Mimic  Display— Wind 
Gap  Pumping  Plant 


Figure   44. 


Ridge  Pumping  Plant 


Figure  47.      Unit  Control  Board — Delta  Pumping  Plant 
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Figure 


nyon  Powerplan 


Figure  50.     Surge  Protection  Cubicle— Devil  Canyon  Powerplant 


Earthquake  Requirements 

Design  requirements  of  electrical  equipment  and 
systems  considered  earthquake  hazards  and  provided 
a  different  degree  of  protection  according  to  the  area. 
In  specifying  the  forces  to  be  withstood  by  the  equip- 
ment, available  equipment  had  to  be  considered. 
Nothing  could  be  gained  by  specifying  equipment 
which  could  not  be  furnished  by  the  industry. 

The  switchyards  for  Edward  Hyatt  and  Thermalito 
Powerplants  and  Delta  Pumping  Plant  have  rigid  bus. 
These  plants  are  not  in  areas  of  high  seismicity.  Cost 
and  aesthetics  were  the  governing  factors  in  designing 
these  yards.  All  other  major  plants  in  the  Project  are 
in  areas  of  higher  seismicity,  and  the  switchyards  have 
strain  bus  to  withstand  ground  motion. 

Equipment  originally  was  specified  to  withstand  a 
horizontal  acceleration  factor  of  0.2g.  This  was  the 
maximum  value  that  had  been  considered  by  most 
equipment  manufacturers.  All  equipment,  including 
power  transformers,  was  to  be  anchored  or  braced. 
Recent  research  and  development  programs  by  the 
industry  have  caused  the  criteria  to  become  more  se- 
vere. Also,  recent  earthquakes  in  Southern  California 
affecting  other  projects  have  resulted  in  more  knowl- 
edge of  the  forces  involved.  As  a  result,  the  Depart- 
ment has  changed  its  specifications  by  requiring 
electrical  equipment  to  withstand  seismic  forces  as 
follows: 

Motors,  generators,  and  exciters:  Apply  1.0  times 
the  weight  of  the  equipment  in  any  direction. 
Cabinets    and    accessories    therein:    Apply    0.75 
times  the  weight  of  the  equipment  in  the  horizon- 
tal direction  and  0.50  in  the  vertical  direction. 
In  addition  to  the  more  severe  requirements  imposed 
upon  equipment  manufacturers,  the  Department  has 
given  more  attention  to  supporting  structures.  Equip- 
ment,  such   as   lightning  arresters   and   instrument 
transformers  in  the  high-voltage  ranges,  requires  a 
supporting  pedestal  to  dampen  forces  in  the  critical 
frequencies.  The  Department  is  presently  modifying 
supports  for  circuit  breakers  and  anchoring  and  brac- 
ing cabinets,  tanks  and  similar  equipment. 

Common  Systems  and  Equipment 

Motor  and  Generator  Voltage  Systems.  These 
systems  include  equipment  between  the  motor  or  gen- 
erator terminals  and  the  power  transformer.  In  addi- 
tion to  motor  or  generator  leads,  the  equipment 
includes  switchgear,  instrument  transformers,  surge 
protection  equipment,  and  neutral  grounding  equip- 
ment. 

Metal-enclosed  rigid-bus-type  leads  are  used  for  the 
required  current  capacity  for  all  generators  and  for 
larger  motors  (Figure  49).  Insulated  cable  was  used 
for  leads  of  the  smaller  motors.  Switchgear  selected 
for  use  at  all  plants  is  the  metal-enclosed  type  for 
reliability,  safety,  and  standardization.  Switchgear 
was  placed  indoors  at  all  plants,  except  Thermalito 
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and  Devil  Canvon  where  suitable  space  was  not  avail- 
able. 

Surge  protection  equipment  generally  consists  of  a 
metal-enclosed  assembly  of  lightning  arresters  and 
capacitors  to  provide  protection  for  the  motor  or  gen- 
erator windings  against  high-voltage  surges.  Genera- 
tors and  larger  motors  have  individual  surge 
protection  (Figure  50).  In  smaller  pumping  plants, 
surge  protection  is  for  a  group  of  motors.  Primarily  to 
limit  overvoltages  and  for  ground  fault  relay  protec- 
tion, neutrals  of  the  generators  and  larger  motors  are 
grounded.  The  method  used  in  the  major  plants  incor- 
porates a  distribution  transformer  with  the  high-volt- 
age winding  in  series  with  the  machine  grounded 
neutral  and  a  resistor  across  the  low-voltage  winding. 
Solid  neutral  grounding  is  used  on  smaller  motors  that 
are  wye-connected. 

Direct-Current  Systems.  A  125-volt,  direct-cur- 
rent, battery  system  was  installed  at  all  plants,  except 
Del  Yalle,  South  Bay,  North  Bay  Interim,  Las  Peril- 
las,  and  Badger  Hill  where  stored-energy  and  alternat- 
ing-current systems  are  adequate.  These  systems 
provide  a  reliable  power  source  for  control  of  circuit 
breakers  and  protective  relays  and  a  minimum  of  two 
hours  of  emergency  lighting  when  there  is  a  failure  of 
the  normal  alternating-current  system. 

Each  system  consists  of  60  lead-acid  cells,  two  charg- 
ers, and  a  direct-current  distribution  panel.  During 
normal  operation,  one  charger  will  supply  continuous 
direct-current  load  of  the  plant,  and  the  battery  will 
float  on  the  bus  and  supply  momentary  large  loads. 
The  second  charger  is  used  as  a  standby  for  the  plant 
charger  or  for  both  the  plant  and  control-system 
chargers  (Figures  51  and  52). 

Four  types  of  battery  construction  were  evaluated 
during  design  of  the  system.  These  were  nickel-cad- 
mium and  nickel-iron  with  an  alkaline  electrolyte,  and 
lead-calcium  and  lead-antimony  with  an  acid  electro- 
lyte. Manufacturers  of  alkaline  batteries  claim  a 
longer  life  and  reduced  maintenance  for  this  type  of 
battery.  This  is  offset  by  higher  initial  cost  and  the 
inability  to  maintain  full  capacity  on  the  voltage  used 
for  float  charging.  The  lead-calcium  battery  was  re- 
jected due  to  its  undesirable  slow  charging  rate  as  it 
nears  final  charge.  A  lead-antimony  cell  was  selected 
on  the  basis  of  its  lower  overall  cost  and  long  history 
of  reliable  service. 

The  capacity  per  cell  was  determined  by  the  most 
severe  duty  cycle  the  system  could  reasonably  be  ex- 
pected to  experience.  For  example,  at  one  plant  this 
cycle  was  assumed  to  consist  of  closing  a  230-kV 
breaker,  starting  a  main  motor  at  five-minute  inter- 
vals, opening  the  230-kV  breaker  due  to  a  fault,  sup- 
plying emergency  lighting  for  two  hours,  and 
reclosing  the  230-kV  breaker. 

Station  Service  System.  Two  powerplants  (San 
Luis  and  Devil  Canyon)  and  all  pumping  plants  on 
the  main  Aqueduct  (Delta,  Dos  Amigos,  Buena  Vista, 


Figure   51.      125-VDC  Battery  Room— Buena  Vista  Pumping  Plan 


Figure  52.      125-VDC  Battery  Chargers — Delta  Pumping  Plant 


Figure  53.     Cable  Tray  Gallery— Oso  Pumping  Plan 
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Wheeler  Ridge,  Wind  Gap,  A.  D.  Edmonston,  and 
Pear  blossom)  and  Oso  on  the  West  Branch  have  a 
station  service  system  of  similar  design.  The  system 
consists  of  two  substation  transformers;  a  480-volt  sec- 
ondary bus  with  two  main  breakers  and  a  tie  breaker 
installed  between  the  transformers;  and  load  breakers 
which  feed  motor,  lighting,  and  air-conditioning  dis- 
tribution centers  located  throughout  the  plant  (Fig- 
ure S3).  One  distribution  center  in  the  service  bay  has 
an  emergency  bus  supplied  by  a  small  engine-genera- 
tor for  critical  loads  such  as  drainage  and  dewatering 
valves,  sump  pump,  elevator,  battery  charger,  and  roll- 
up  doors  in  the  service  bay. 

Alternative  independent  sources  of  power  are  con- 
sidered necessary  to  ensure  maximum  station  service 
availability.  No  utility  lines  were  available  in  the  plant 
areas  except  the  high-voltage  lines  serving  the  plant, 
so  alternative  power  supplies  were  limited  to  those 
within  the  plant.  The  most  flexible  system  was  a  dou- 
ble-ended substation  fed  from  each  of  two  power 
transformers,  with  each  transformer  having  a  separate 
transmission  line  if  available.  This  arrangement  sup- 
plies station  service  to  the  plant  whenever  power  is 
available  in  the  switchyard  and  one  power  trans- 
former is  operable. 

Each  of  the  two  substation  transformers  is  self- 
cooled/forced-air-cooled,  dry  type  with  a  nominal 
13.8-kV  primary  winding  and  480-volt  secondary 
winding.  Dual-rating  allows  the  basic  transformer  for 
normal  loads  and  the  forced-air  rating  for  overloads  or 
possible  future  loading.  Since  substations  were  locat- 
ed inside  the  plants,  dry-type  transformers  were  se- 
lected to  eliminate  need  for  vaults,  oil  traps,  and 
maintenance  required  by  a  liquid  coolant. 

A  relay  in  the  neutral  ground  of  each  transformer 
is  used  to  annunciate  a  ground  fault  at  the  station 
service  annunciator,  on  the  plant  display,  and  in  the 
control  room.  This  relay  doesn't  trip  the  13.2-kV  cir- 
cuit breaker  in  the  switchgear  or  the  480-volt  station 
service  main  circuit  breaker.  A  large  ground  fault  will 
cause  an  overcurrent  in  the  feeder  circuit  and  trip  the 
feeder  breaker. 

The  demand  load  on  each  half  of  the  station  service 
substation  is  approximately  80%  of  the  transformer 
self-cooled  rating.  This  allows  one  transformer  at  the 
fan-cooled  rating  to  supply  the  entire  station  service 
load  unless  the  heating  and  ventilating  feeders  are  at 
maximum  demand.  This  was  considered  so  unlikely 
that  automatic  shedding  of  these  loads  was  not  pro- 
vided. However,  if  loads  are  added  to  the  substation  in 
the  future,  it  will  be  necessary  to  shed  loads  automati- 
cally when  the  transformer  temperature  relay  indi- 
cates an  overload.  Shunt  trips  on  the  heating  and  ven- 
tilating breakers  are  provided  for  this  purpose. 

The  two  main  secondary  circuit  breakers  and  the  tie 
circuit  breaker  of  the  substation  are  electrically  inter- 
locked to  prevent  more  than  two  of  the  three  from 
being  closed  at  the  same  time.  If  one  side  of  the  substa- 
tion is  disconnected  for  any  reason  except  a  fault  on 


the  480-volt  bus,  the  tie  breaker  automatically  closes 
and  the  entire  station  service  load  is  carried  by  the 
other  side.  With  this  switching,  downtime  on  plant 
facilities  is  kept  to  a  minimum.  In  event  of  a  fault  on 
the  480-volt  bus,  the  main  secondary  breaker  opens  to 
isolate  the  fault,  the  13.2-kY  breaker  remains  closed, 
and  alarm  contacts  on  the  secondary  breaker  operate 
a  relay  to  prevent  the  tie  breaker  from  closing  on  the 
fault. 

Distribution  centers  for  motors,  lighting,  heating, 
and  ventilating  are  located  throughout  the  plant  near 
the  center  of  loads  which  they  supply  (Figure  54). 
Centers  supplying  the  pumping  unit  auxiliaries,  such 
as  cooling  water  and  oil  pumps,  were  considered  to  be 
sufficiently  critical  to  warrant  alternate  supplies  to 
them  from  the  substation.  A  set  of  feeder  cables  from 
each  side  of  the  substation  split  bus  supplies  one  of 
two  main  breakers  in  these  distribution  centers. 

The  need  for  an  alternating-current  emergency  sys- 
tem was  based  on  the  possibility  of  a  prolonged  power 
outage.  Without  an  engine-generator  set  available,  it 
would  be  possible  to  flood  the  drainage  sump,  fully 
discharge  the  storage  batteries,  and  strand  the  eleva- 
tors between  floors.  The  emergency  generator  is  con- 
nected through  the  battery  charger  to  assist  the 
direct-current  system.  It  was  not  intended  that  emer- 
gency lighting  be  included  in  the  generator  capacity. 

Five  smaller  pumping  plants  (North  Bay  Interim, 
South  Bay,  Del  Yalle,  Las  Perillas,  and  Badger  Hill) 
located  on  branch  aqueducts  or  storage  facilities  have 
smaller  and  less  critical  plant  loads  and  correspond- 
ingly simpler  station  service  systems.  South  Bay 
Pumping  Plant  has  two  utility-owned  transformers. 
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and  the  station  service  consists  of  a  double-ended  sub- 
station without  any  emergency  generator,  and  the  dis- 
tribution centers  are  grouped  near  the  substation  in 
each  end  of  the  plant.  The  remaining  four  smaller 
plants  have  a  station  service  system  consisting  of  a 
single  transformer  and  main  breaker  supplying  a  dis- 
tribution center. 

The  station  service  system  at  Thermalito  and  Ed- 
ward Hyatt  Powerplants  are  described  in  their  respec- 
tive chapters. 

Lighting  Systems.  Lighting  systems  at  all  the 
large  plants  were  designed  in  accordance  with  the 
general  considerations  described  herein.  One  signifi- 
cant exception  is  the  high-bay  lighting  at  Edward 
Hyatt  Powerplant,  where  fluorescent  fixtures  were 
used  (instead  of  mercury-vapor)  to  enhance  the  spe- 
cial architectural  treatment  of  the  underground  plant 
(Figure  55). 

Lighting  systems  consist  of  three  separate  voltage 
supplies:  a  480Y/277-volt  system  for  mercury-vapor 
lights  in  the  high-bay  and  outdoor  areas,  a  2O8Y/120- 
volt  system  for  the  lighting  in  the  remainder  of  the 
plant  and  switchyard,  and  a  125-volt  emergency  light- 
ing system. 

Three  types  of  lamps  are  used  throughout  the  plants 
and  their  exterior:  (1)  mercury-vapor,  (2)  fluores- 
cent, and  (3)  incandescent. 

Mercury-vapor  lamps  were  chosen  for  high-bay 
areas  because  of  their  high  lumen  output  and  long  life. 
The  400-watt  lamps  are  rated  at  an  average  of  18,000 
lumens  over  a  life  of  16,000  hours.  These  lamps  also 
maintain  a  very  high  efficiency. 


Figure   55.      High-Bay  Fluorescent  Lighting — Edward  Hyatt  Powerplant 


Fluorescent  lamps  were  chosen  for  low-bay  areas 
because  of  their  high  efficiency  and  output  and  be- 
cause the  illumination  requirement  for  the  low-bay 
areas  is  greater  than  30  foot-candles.  At  this  illumina- 
tion level,  a  better  quality  of  lighting  is  achieved  with 
fluorescent  lamps  than  incandescent  lamps.  The 
lamps  are  most  suitable  for  installations  requiring  a 
low  brightness  for  visual  comfort.  In  low-bay  areas, 
the  brightness  contrast  of  the  lamp  and  surroundings 
becomes  increasingly  important. 

Incandescent  lamps  are  used  in  areas  requiring  only 
a  low  illumination  level  (10  to  20  foot-candles),  such 
as  machine  housings  and  coupling  galleries  where 
lights  are  used  infrequently.  They  also  are  used  for 
direct-current  emergency  lighting  and  decorative 
lighting.  Repeated  switching  of  incandescent  lamps 
will  not  lower  their  life  expectancy  as  it  will  for  fluo- 
rescent and  mercury-vapor  lamps. 

Initial  cost  of  incandescent  systems  is  less  than  that 
of  fluorescent  systems  but,  because  of  their  higher 
efficiency,  fluorescent  lamps  are  more  economical  to 
operate.  Therefore,  the  greater  number  of  operating 
hours  per  year  and  the  higher  the  power  rate,  the 
lower  will  be  the  overall  cost  of  fluorescent  systems 
compared  to  incandescent  systems. 

Types  of  fixtures  were  selected  on  the  basis  of  their 
efficiency  of  reflection  and  distribution.  Another  con- 
sideration was  the  appearance  with  respect  to  archi- 
tectural considerations  in  the  area  in  which  it  is  used. 

A  fixture  with  narrow  lumen  distribution  was  re- 
quired in  high-bay  areas  because  of  the  high  mounting 
height  (approximately  45  feet).  Low  brightness  was 
not  required  in  the  high-bay  areas  since  they  are  out- 
side of  the  normal  cone  of  vision.  Ventilating  holes  in 
the  reflectors  of  the  fixtures  cool  and  prolong  the  life 
of  the  mercury-vapor  lamps. 

Vaportight  fixtures  were  installed  in  battery  rooms, 
oil  storage  rooms,  and  chemical  storage  rooms.  These 
fixtures  will  resist  moisture,  vapors,  and  dust.  They 
also  will  prevent  the  escape  of  sparks  into  the  rooms. 

Because  frequent  switching  of  mercury-vapor  and 
fluorescent  lamps  reduces  their  life  expectancy,  most 
of  these  fixtures  are  to  be  operated  continuously.  They 
are  controlled  only  from  lighting  panelboards.  Wall- 
mounted  switches  are  provided  for  the  lighting  cir- 
cuits in  machine  enclosures,  coupling  galleries,  and 
various  rooms  in  the  service  bays. 

Fluorescent  fixtures  in  the  plant  control  room  are 
controlled  by  a  dimmer  system.  The  illumination  lev- 
el in  a  room  can  be  controlled  to  various  levels  allow- 
ing selection  of  maximum  comfort  and  most  suitable 
contrast  between  plant  displays  and  surroundings. 

All  plant  exterior,  roadway,  switchyard,  and  trans- 
former yard  lighting  is  controlled  photoelectrically. 
Lights  are  turned  on  or  off  depending  on  the  intensity 
of  the  sun's  illumination.  Auxiliary  lighting  for  the 
disconnect  switches  in  the  switchyard  is  manually 
controlled.  These  circuits  will  be  utilized  only  when 
the  switches  are  operated  at  night. 
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The  purpose  of  the  125-VDC  emergency  lighting 
system  is  to  ensure  minimum-intensity  illumination 
for  the  most  vital  plant  areas,  such  as  the  control  room, 
in  event  of  failure  of  the  regular  alternating-current 
systems.  Emergency  lighting  fixtures  are  located 
throughout  the  plants  to  assist  personnel  in  leaving 
the  buildings.  It  was  not  intended  to  install  a  system 
which  could  be  used  for  maintenance  or  operation 
after  the  alternating-current  system  failed. 

Grounding  System.  A  grounding  system  for  each 
plant  provides  a  low  resistance  to  ground,  assures 
safety  of  personnel  and  equipment  during  fault  condi- 
tions, and  facilitates  fast  relay  action. 

All  plants  except  the  smaller  ones,  such  as  North 
Bav  Interim,  have  a  similar  grounding  system.  The 
system  consists  of  interconnected  grids  of  500-MCM 
copper  cable  buried  under  the  plant,  transformer  or 
bus  yard,  and  switchyard.  These  grids  are  connected 
by  risers  to  intermediate  grounding  grids  at  each  ele- 
vation within  the  plant.  All  equipment  enclosures, 
electrical  system  neutrals,  and  exposed  metalwork, 
such  as  frames  and  railings,  are  grounded  to  these 
intermediate  grids.  Plant  and  transformer  grids  are 
directly  connected  and  have  two  500-MCM  cables  con- 
necting these  grids  to  the  switchyard  grid  at  each 
plant.  The  grids  are  interconnected  through  test  sta- 
tions in  the  switchyard  and  in  the  plant,  which  allows 
grids  to  be  isolated  for  ground  resistance  tests. 

Most  information  required  to  design  the  grounding 
system  was  taken  from  IEEE  Publication  No.  80, 
"Guide  for  Safety  in  Alternating-Current  Substation 
Grounding",  March  1961.  The  prime  consideration 
throughout  design  was  safety  of  personnel  and  equip- 
ment. Other  governing  factors  were: 

1.  Magnitude  of  the  ground-fault  current 

2.  Soil  resistivity 

3.  Tolerable  touch,  step,  and  transfer  potentials 

4.  Configuration  of  grounding  grids 

The  calculation  of  ground-fault  current  was  based 
on  the  short-circuit  capacity  of  the  utility  lines  serving 
the  plants  plus  plant  contributions.  For  230-kY  lines, 
the  expected  duty  in  1980  is  15,000  MYA,  which  gives 
an  asymmetrical  fault  current  of  14,200  amperes.  A 
conservative  design  value  of  20,000  amperes  was  used. 

Resistance  of  the  grounding  systems  was  assumed 
initially  to  be  0.2  ohm  between  points  of  measurement 
in  a  plant  and  a  remote  location  adjacent  to  the  Aque- 
duct. In  grounding  calculations,  an  initial  design  value 
must  be  assumed,  and  0.2  ohm  was  considered  a  con- 
servative value. 

The  soil  resistivity  was  measured  at  plant  sites  dur- 
ing foundation  testing  and  ranged  from  6  to  60  ohm- 
meters.  The  various  grids  were  designed  to  have  cal- 
culated resistances  of  approximately  0.25  ohm.  The 
measured  grid  resistances  have  been  equal  to  or  less 
than  this  value. 

A  low  -resistance  grounding  system  is  not  necessar- 
ily a  safe  one.  To  verify  safety  of  the  systems,  calcula- 


tions were  made  to  determine  the  tolerable  potentials, 
which  are  step,  touch,  and  transferred  voltages. 

Step  potential  is  a  potential  that  would  be  measured 
over  a  distance  approximately  equal  to  a  person's  step. 
It  is  the  voltage  experienced  by  a  person  walking  in  a 
switchyard  during  an  electric  fault  to  ground.  Touch 
voltage  is  the  distance  between  the  feet  and  the  point 
of  contact  of  grounded  equipment.  Transferred  volt- 
age is  between  the  points  where  the  person  is  in  con- 
tact with  equipment  and  the  remote  grounding  point 
of  the  equipment.  Mesh  voltage,  a  special  case  of  touch 
voltage,  is  between  the  buried  ground  conductors  and 
the  ground  surface  at  the  center  of  the  grid  mesh 

During  a  ground-fault  condition,  the  potential  of 
the  grounding  grids  and  all  equipment  connected  to 
them  increases  sharply  above  ground  potential.  For 
safety,  a  person  should  be  at  the  same  voltage  as  the 
equipment  with  which  he  is  in  contact. 

The  w^orst  location  during  a  fault  was  assumed  to  be 
in  the  switchyard.  The  plant  would  be  relatively  safe 
because  fault  current  would  be  restricted  by  the  trans- 
former impedance.  In  calculating  these  potential  dif- 
ferences, duration  of  the  fault  was  assumed  to  be  0.5 
second  and  surface  resistivity  of  wet  crushed  rock  in 
the  switchyard  of  3,000  ohm-meters. 

The  IEEE  Publication  No.  80  states  that  mesh  po- 
tential is  the  maximum  potential  within  the  grid  and 
is  larger  than  the  step  and  touch  potentials.  Therefore, 
grids  were  designed  so  mesh  potential  was  less  than 
tolerable  potentials.  As  an  example,  at  some  plants  the 
calculated  tolerable  potentials  for  step,  touch,  and 
mesh  voltages  were  10  6  volts,  354,000  volts,  and  10" 
volts,  respectively.  The  anticipated  mesh  potential 
was  300  volts,  well  within  the  tolerable  limits. 

The  grounding  grid  configuration  is  a  key  factor  in 
ensuring  safety  and  a  low  ground  resistance.  The 
overall  resistance  of  a  grid  is  proportional  to  the 
amount  of  copper  buried  in  the  ground.  The  configu- 
ration in  which  the  cable  is  laid  determines  the  safe 
tolerable  potentials  of  a  grid.  The  500-MCM  copper 
cable  for  the  grid  was  chosen  on  the  basis  of  the  ex- 
pected ground-fault  current  and  for  its  mechanical 
strength.  Cable  was  laid  in  trenches  relatively  close 
together  to  reduce  the  steepness  of  the  induced  voltage 
during  a  fault.  The  grid  consists  of  many  cross  connec- 
tions to  ensure  electrical  continuity  in  event  of  cable 
breakages. 

The  ground  test  stations  in  the  plant  and  the  switch- 
yard are  for  the  purpose  of  isolating  their  respective 
grounding  grid  for  periodic  testing  of  ground  resist- 
ance. The  plant  test  station  isolates  plant  equipment 
from  the  plant,  transformer  yard,  and  switchyard 
ground  grids.  The  switchyard  test  station  isolates  the 
switchyard  grid  and  equipment  from  the  plant  and 
transformer  yard  grids.  No  test  station  isolates  the 
transformer  yard  grid  from  the  plant  grid,  because 
both  grids  were  designed  as  one  to  achieve  the  desired 
ground  resistance 
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Each  overhead  ground  wire  protecting  the  220-kY 
lines  has  an  insulator  to  isolate  the  switchyard  ground 
grid  from  the  plant  grid  when  the  switchyard  is  being 
tested.  In  this  arrangement,  the  plant  grid  need  not  be 
isolated  from  grounded  plant  equipment,  which  in- 
cludes overhead  wires,  to  test  the  switchyard  grid. 

For  cathodic  protection,  steel  and  copper  should  be 
separated  where  possible  since  steel  will  sacrifice  to 
copper,  resulting  in  damage  to  the  steel.  Where  the 
two  types  of  metals  can  be  separated,  a  reduced-capaci- 
ty cathodic  protection  system  can  be  installed.  It  was 
possible  to  separate  the  plant-grid  system  from  plant 
steel  by  physical  separation,  except  for  risers  from  the 
grid.  These  risers  were  insulated  with  Type  RHW 
insulation  and  connected  into  the  ground  testing  sta- 
tion. The  ground  testing  station  also  serves  as  a  ca- 
thodic protection  station. 

It  was  not  reasonable  to  separate  the  switchyard 
grid  from  switchyard  steel  because  of  the  great  num- 
ber of  risers  required  to  connect  the  switchyard  steel. 
Grounding  connections  to  the  steel  are  exposed  for 
inspection  and  can  be  reattached  if  conditions  war- 
rant. 

In  addition  to  establishing  a  cathodic  protection  sys- 
tem for  the  plant  steel,  steel  and  copper  were  separat- 
ed where  concrete-embedded  moist  conditions  occur. 
Cables  for  the  intermediate  grids  and  risers  within  the 
plant,  which  mainly  were  installed  in  exterior  walls, 
were  also  installed  with  Type  RHW  insulation.  This 
allowed  attaching  the  grounding  conductor  to  rein- 
forcing steel  without  possible  deterioration  of  the 
steel.  No  attempt  was  made,  however,  to  separate  steel 
and  copper  for  individual  connections  where  only 
equipment,  frames,  railing,  or  ladders  were  involved. 

Communication  Systems.  Plant  communications 
at  the  larger  plants  are  composed  of  two  systems:  a 
code-call  system  for  paging  personnel,  and  a  sound- 
powered  telephone  system  for  coordinating  unit  start- 
up and  maintenance  operations. 

Code-call  systems  consist  of  a  coded  signal  genera- 
tor with  a  capacity  of  20  or  more  calls  in  the  control 
room  and  signal  devices  (horns  or  bells)  located 
throughout  the  plant  and  in  the  switchyard,  trans- 
former yard,  and  forebay  areas.  Personnel  working  at 
the  plant  are  assigned  one-  or  two-digit  numbers  for 
paging.  When  operated,  the  signal  generator  will 
sound  four  rounds  of  long  codes  or  eight  rounds  of 
short  codes,  or  will  page  continuously,  depending  on 
the  position  of  a  selector  switch. 

The  sound-powered  telephone  system  functions  as 
a  common  talking  system  at  some  plants  or  as  a  com- 
mon talking-selective  signaling  system  with  a  master 
station  permanently  installed  in  the  control  room  con- 
sole at  other  plants.  Head-chest  nonringing  sets  for 
either  type  system  can  be  plugged  into  jacks  located 
throughout  the  plant.  The  common  talking  system  has 
a  common  bus  throughout  the  plant.  This  allows  com- 
mon talking  between  any  two  or  more  stations  at  any 
location  on  the  systems.  The  common  talking-selec- 


tive signaling  system  has  portable  master  stations  in 
addition  to  nonringing  sets.  Selective  ringing  is  possi- 
ble between  the  control  room  and  any  plant  station 
and  vice  versa.  Selective  ringing  also  is  possible  be- 
tween stations  at  associated  pieces  of  operating  equip- 
ment. For  instance,  the  station  at  a  unit  switchgear 
can  ring  the  pump  alcove,  motor  air  housing,  and 
valve  room  of  the  same  unit  and  also  can  ring  the 
switchyard,  siphon  breaker  house,  transformer  area, 
automatic  equipment  room,  and  control  room. 

A  commercial  telephone  installation  and  a  private 
automatic  switchboard  system  were  compared  with 
the  sound-powered  system.  The  sound-powered  sys- 
tem was  selected  because  of  its  relatively  low  cost, 
reliability,  and  adaptability  to  rugged  use  in  both  con- 
struction and  operating  environment. 

Protective  Relaying.  Protective  relays  of  various 
types  protect  major  items  of  equipment  and  transmis- 
sion systems  in  accordance  with  current  utility  and 
industry  practices.  Conventional,  overlapped,  zone 
protection  is  provided  for  motors  or  generators,  pow- 
er transformers,  220-kV  buses,  and  13.2-kV  buses. 
Relays  either  activate  an  alarm  and/or  initiate  a  shut- 
down of  affected  equipment  (Figure  56). 

In  general,  certain  relay  types  are  utilized  for  pri- 
mary protection,  and  additional  relays  are  used  for 
back-up  protection.  Large  motors  and  generators,  as 
an  example,  primarily  are  protected  against  electrical 
faults  by  differential  and  ground-fault  relays  with 
overcurrent  relays  as  back-up  protection.  Primary 
protection  against  overheating  is  by  temperature  sen- 
sors embedded  in  the  bearings  or  winding  metal,  with 
secondary  protection  consisting  of  temperature  sen- 
sors in  the  bearing  oil,  motor  cooling  air  outlets,  and 
cooling  water. 

The  final  concept  in  protective  relaying  schemes 
resulted  in  two  types  of  shutdowns: 

1.  Abnormal  operating  conditions  which  initiate 
an  emergency  shutdown,  in  which  the  motor  or 
generator  breaker  is  opened  immediately  and  the 
main  valve  starts  closing  simultaneously. 

2.  Abnormal  operating  conditions  which  initiate 
a  normal  shutdown,  in  which  the  main  valve  is 
closed  and  the  motor  or  generator  breaker  is 
opened. 

Emergency  shutdowns  are  initiated  by  relays  which 
sense  conditions  of  a  serious  nature  and  trip  the  cir- 
cuit breaker.  With  this  type  of  shutdown,  the  responsi- 
bility  tor  decision-making  is  withheld  from  the  opera- 
tor. The  unit  is  tripped  directly  or  through  auxiliary 
relavs.  and  the  operator  cannot  abort  the  shutdown. 

Normal  shutdowns  are  initiated  by  those  relays 
which  do  not  initiate  a  breaker  trip.  The  control  sys- 
tem receives  an  alarm  input  and  alerts  the  plant  opera- 
tor. For  these  alarms,  classified  as  secondary  in  nature, 
the  operator  is  given  time  to  make  a  decision  on  the 
matter  of  shutdown.  The  operator  has  the  option  of 
initiating  a  shutdown  or  allowing  the  unit  to  operate. 
If  the  unit  continues  operating  and  the  condition  re- 
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mains  stable,  no  further  action  is  taken  by  the  control 
system.  If  the  abnormal  condition  worsens  and 
reaches  a  preset  upper  limit,  the  control  system  au- 
tomatically initiates  a  normal  shutdown  routine. 

In  practically  all  cases,  auxiliary  relays  are  required 
because  primary  relays  have  an  insufficient  number  of 
contacts  or  ampere  capacity  for  all  the  functions  re- 
quired for  annunciator  alarm,  breaker  trip,  control 
system  input,  and  so  forth. 

Metering.  Metering  was  installed  throughout  the 
plants  to  assist  in  operation,  maintenance,  and  deter- 
mination of  power  use. 

A  contract  for  power  and  transmission  service  was 
prepared,  dated  November  18,  1966,  and  titled  "Con- 
tract between  California  Suppliers  and  the  State  of 
California  for  the  Sale,  Exchange  and  Transmission  of 
Electric  Capacity  and  Energy  for  the  Operation  of 
State  Water  Project  Pumping  Plants".  The  contract 
was  executed  by  Pacific  Gas  and  Electric  Company, 
Southern  California  Edison  Company,  San  Diego  Gas 
and  Electric  Company,  and  the  Department  of  Water 
and  Power  of  the  City  of  Los  Angeles,  referred  to  as 
the  "Suppliers",  and  the  State  of  California,  Depart- 
ment of  Water  Resources.  The  contract  did  not  give 
specific  metering  requirements  but  did  establish  that 
agreement  must  be  reached  on  metering  equipment 
and  installation. 


Revenue  metering  equipment  is  furnished  and 
maintained  by  the  Department  of  Water  Resources 
except  the  metering  for  Thermalito  and  Edward 
Hyatt  Powerplants  which  is  installed  at  Table  Moun- 
tain Substation  and  is  maintained  by  the  Pacific  Gas 
and  Electric  Company.  The  suppliers  preferred  that 
revenue  metering  be  installed  on  the  line  side  of  the 
department-owned  power  transformers.  This  is  a 
more  expensive  installation  than  metering  at  the 
transformer  secondary  voltage  but  was  installed  at 
most  locations.  However,  at  Buena  Vista,  Wheeler 
Ridge,  and  Pearblossom  Pumping  Plants,  it  was 
agreed  to  install  revenue  metering  on  the  transformer 
secondary  side  with  load  compensators  to  add  trans- 
former losses  to  the  meter  load  (Figure  57). 

The  revenue  metering  consists  of  watt-hour  meters 
for  each  utility  bus  to  transmit  unit  power  pulses  to 
a  magnetic  tape  recording  demand  meter.  At  pumped- 
storage  plants,  both  incoming  and  outgoing  power  are 
metered. 

At  unit  switchboards,  voltage  regulators,  and  sta- 
tion service  substations,  all  of  the  parameters  essential 
for  local  operation  are  displayed  on  indicating  meters. 

Since  the  control  system  continuously  monitors  all 
plant  parameters  and  annunciates  alarm  conditions, 
no  indicating  meters  are  provided  for  operating  in  the 
plant   control   room   under   normal   conditions.    For 
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maintenance  or  unusual  operating  conditions,  approx- 
imately eight  digital  displays  and  the  same  number  of 
trend  recorders  are  at  each  plant  control  room.  Any 
analog  input  to  the  control  system  can  be  connected 
to  these  displays  and  recorders. 

Construction 

Contracts  for  the  construction  of  the  power  and 
pumping  plants  for  the  State  Water  Project,  including 
the  furnishing  and  installing  of  pumps,  turbines,  mo- 
tors, generators,  and  associated  equipment,  were 
awarded  and  administered  in  accordance  with  the 
provisions  of  the  State  Contract  Act,  Sections  14250  to 
14424  of  the  Government  Code  of  the  Statutes  of  the 
State  of  California.  The  State  Contract  Act  requires 
that  bids  be  solicited  in  writing  and  that  the  contract 
be  awarded  to  the  lowest  responsible  bidder.  To  com- 
ply with  the  Act,  the  following  procedures  were  em- 
ployed: 

1.  Prequalification  of  prospective  contractors — 
A  two-phase  prequalification  procedure  for  screen- 
ing contractors  desiring  to  bid  was  used  to  establish 
qualified  bidder  lists.  First,  if  the  required  financial 
statement   indicated   that   the   contractor   had   the 


necessary  resources,  the  request  for  prequalification 
was  further  processed.  Secondly,  the  contractor's 
ability  based  on  the  firm's  overall  experience  and 
other  uniform  factors  was  assessed. 

For  contracts  involving  the  design,  manufacture, 
and  installation  of  major  equipment,  a  department 
team,  when  necessary,  was  assigned  to  inspect  and 
report  on  the  prospective  contractors'  manufactur- 
ing facilities  to  assist  in  the  prequalification  process. 

2.  Advertisement  and  Award  of  Contracts — Pub- 
lic notice  of  a  project  was  given  once  a  week  for  at 
least  two  consecutive  weeks  in  a  newspaper  pub- 
lished in  the  county  in  which  the  project  was  locat- 
ed and  in  a  trade  paper  of  general  circulation  in 
either  San  Francisco  or  Los  Angeles,  as  appropriate. 
A  "Notice  to  Contractors",  in  each  case,  was  sent  to 
all  contractors  on  the  list  of  qualified  bidders.  This 
document  generally  described  the  requirements  and 
extent  of  the  work  and  indicated  the  time  and  place 
for  receiving  bids. 

Contracts  were  awarded  to  the  lowest  responsible 
bidder.  Responsible  bids  were  those  meeting  all  the 
conditions  of  bidding  stated  in  the  bidding  require- 
ments and  determined  to  be  reasonable  in  cost  when 
compared  with  the  engineer's  estimate. 


Figure   57.      Utility  Metering  Equipment— Wheeler  Ridge  Pumping  Plant 
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In  addition  to  work  performed  under  the  terms  of 
the  State  Contract  Act,  electrical  and  mechanical 
equipment  associated  with  the  construction  of  the 
power  and  pumping  facilities  were  purchased 
through  the  State  Department  of  General  Services, 
Office  of  Procurement,  in  accordance  with  Section 
14780  of  the  Government  Code. 

The  Department  of  Water  Resources'  organization 
for  supervision  of  construction  activities  consisted  of 
project  offices  at  selected  locations  throughout  the 
State  and  a  headquarters  construction  office  located  in 
Sacramento  (Figure  58).  Each  project  office  was  re- 
sponsible for  all  project  construction  work  within  a 
particular  geographical  area  and  was  staffed  with  con- 


struction engineers,  inspectors,  engineering  geolo- 
gists, and  laboratory  and  other  technicians.  The 
headquarters  construction  staff  provided  administra- 
tive and  liaison  services  to  the  project  offices  and, 
through  an  equipment  and  materials  section,  assisted 
with  the  factory  inspection  of  materials  and  equip- 
ment to  be  incorporated  in  the  work.  This  equipment 
and  materials  section  also  inspected  major  equipment 
components  at  their  source  of  manufacture,  including 
equipment  furnished  by  contract  through  the  Depart- 
ment of  General  Services. 

Construction  practices  and  procedures  are  detailed 
in  the  Department's  Construction  Manual. 
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Figure  58.      Location  of  Construction  Project  Offices 
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Figure   59.      Location  Map — Edward  Hyatt  Powerplar 
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CHAPTER  II.     EDWARD  HYATT  POWERPLANT 


General 

Location 

Edward  Hyatt  Powerplant  (formerly  called  Oro- 
ville  Powerplant)  is  an  underground,  hydroelectric, 
pumping-generating  facility  located  on  the  Feather 
River  approximately  5  miles  northeast  of  the  City  of 
Oroville,  Butte  County.  Powerhouse  and  appurtenant 
features  are  located  in  rock  in  the  left  abutment  near 
the  axis  of  Oroville  Dam.  Construction  of  the  plant 
began  in  1964  and  was  completed  in  1967. 

Purpose 

The   principal    features   of  the    Hyatt-Thermalito 
pumped-storage  power  complex  are  Oroville  Dam, 
Lake    Oroville,    Edward    Hyatt    Powerplant,    Ther- 
malito    Diversion    Dam,    Thermalito    Power    Canal, 
Thermalito    Powerplant,   Thermalito    Forebay,    and 
Thermalito    Afterbay    (Figure    59).    Edward    Hyatt  i 
Powerplant  is  the  key  unit  of  the  power  complex  \ 
which,  together  with  its  related  features,  maximizes  \ 
the  production  of  power  through  the  use  of  pumped    | 
storage.  Under  this  type  of  operation,  water  released 
for  power  in  excess  of  local  and  downstream  require- 
ments is  returned  to  storage  in  Lake  Oroville  during 
off-peak  periods  and  is  used  for  generation  during 
peak  power  demands. 

Description 

The  powerplant  facilities  consist  of  an  intake  struc-  / 
ture,  two  tunnel  penstocks,  six  penstock  branch  lines, 
an  underground  powerhouse  (Figure  60),  three  tur- 
bine units,  three  reversible  pump-turbine  units,  two 
tailrace  tunnels  and  outlet  works,  a  control  building, 
and  a  switchyard  (Figure  61). 

The  plant  rated  generating  capacity  is  678.75  mega- 
watts, and  the  total  power  for  pumping  is  519,000 
horsepower. 

The  main  units,  turbine  shutoff  valves,  main  trans- 
formers, power  switchgear,  auxiliary  and  service 
equipment,  emergency  station  service  power  supply, 
emergency  control  center  for  Edward  Hyatt  and 
Thermalito  Powerplants,  air-conditioning  and  ven- 
tilating equipment,  and  two  overhead  cranes  are  locat- 
ed in  the  underground  structure.  The  underground 
powerhouse  is  operated  from  the  Oroville  Area  (ion 


trol  Center  located  aboveground,  adjacent  to  the 
switchyard. 

Water  from  Lake  Oroville  is  conveyed  to  the  units 
through  penstocks  and  branch  lines.  At  the  down- 
stream end  of  the  penstock  branches,  1 14-inch-diame- 
ter  spherical  valves  provide  shutoff  to  the  turbines  and 
pump-turbines.  After  passing  through  the  units,  the 
water  is  discharged  through  the  draft  tubes  to  one  free 
surface  and  one  full-flow  tailrace  tunnel.  The  outlet 
portals  of  the  tailrace  tunnels  are  at  the  upstream  ex- 
tremity of  the  pool  created  by  Thermalito  Diversion 
Dam. 

Representative  drawings  are  included  at  the  end  of 
this  chapter. 

Architectural  Design 

The  architectural  design  conforms  to  the  State  Wa- 
ter Project  architectural  motif,  which  was  established 
in  January  1964  and  discussed  in  Volume  VI  of  this 
bulletin.  The  appearance  of  this  powerplant  main- 
tains an  atmosphere  of  brightness  and  color  to  mini- 
mize the  sensation  of  being  underground  and  is 
similar  to  that  of  a  surface  generating  station  (Figure 
62).  Generous  use  is  made  of  fluorescent  lighting  and 
bright  colors.  Red  and  turquoise  form  a  symbolic  col- 
or system  for  water  and  power  as  used  throughout  all 
of  the  Department  of  Water  Resources'  structures, 
both  surface  and  subsurface. 

The  main  generating  room  floor  surface  at  elevation 
252  feet  was  finished  with  terrazzo  made  with  a  poly- 
ester binder.  This  material  is  not  only  attractive  but 
will  stand  considerable  wear.  Wall  panels  below  the 
crane  rails  are  of  precast  concrete  surfaced  with  ex- 
posed quartz  aggregate. 

An  enameled  metallic  ceiling  is  suspended  from  the 
native  rock  and  is  merged  into  wall  panels  above  the 
crane  rails.  At  the  downstream  end  of  the  plant,  ,m 
observation  platform  is  provided  for  visitors.  A  "time- 
vault"  hermetically  sealed  was  constructed  at  the  main 
floor  level  in  the  rock  wall  with  the  closure  panel 
visible  and  suitably  inscribed.  Eighteen  boxes  of  docu- 
ments were  sealed  in  the  vault  in  1969,  including  plans 
and  specifications,  contracts  and  legal  agreements, 
construction  reports,  laws  and  statutes,  manuals, 
photographs,  speeches,  personnel  rosters,  and  other 
memorabilia  covering  the  1  lyatt-Thermalito  Complex 
and  other  items  of  interest  on  the  State  Water  Project. 
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Geology 

Areal  Geology 

This  plant  is  located  in  the  foothills  on  the  western 
slope  of  the  Sierra  Nevada  Range,  a  giant  granite- 
cored,  tilted,  fault  block.  A  series  of  tightly  folded, 
steeply  dipping,  metamorphic  rocks  overlie  a  granite 
core  along  its  western  and  northwestern  flanks.  The 
dominant  rock  type  in  the  Oroville  area  is  a  metavol- 
canic  amphibolite.  Surficial  weathering  is  extensive  in 


the  metavolcanic  rock  and  is  controlled  by  rock  struc- 
tures such  as  joints  and  shear  zones. 

Site  Geology 

The  powerhouse  is  in  the  metavolcanic  rock  forma- 
tion. The  rock  type  is  predominantly  amphibolite, 
which  ranges  from  fine  to  coarse-grained  and  from 
massive  to  schistose.  Fresh  rock  is  very  hard  and 
dense,  greenish  gray  to  black,  and  generally  strongly 


Figure  60.      Edword  Hyatt  Powerhouse  Model 
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Figure  61.     General  Plan 
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Figure  62.     Generator  Room 


jointed.  Thin  veins  of  calcite,  quartz,  epidote,  asbestos, 
palygorskite,  and  pyrite  are  abundant. 

In  the  powerhouse  excavation,  three  prominent 
joint  sets  impart  a  certain  blockiness  to  the  rock,  but 
individual  joints  are  generallv  tight.  Shears  and  schist- 
ose zones  crossing  the  plant  are  generally  steeply  dip- 
ping, somewhat  planar,  and  spaced  from  5  to  20  feet 
apart.  Most  are  from  1  to  6  inches  wide  and  contain 
crushed  rock  and  schist  accompanied  by  thin  seams 
and  lenses  of  clav  gouge.  In  general,  the  rock  is 
progressively  less  weathered  with  depth.  Because 
many  of  the  weathered  zones  follow  rock  structures 
which  are  relatively  narrow,  steeply  inclined,  and 
somewhat  planar,  the  sound  rock  surface  at  the  site  is 
quite  irregular  and  contains  many  troughs  and  ridges. 
Weathering  does  not  extend  to  the  depth  of  the  power- 
house excavation. 

Foundation  rock  for  the  left  abutment  intake  struc- 
ture is  mostly  fresh  and  hard,  but  local  areas  of  moder- 
ately weathered  rock  and  some  strongly  weathered 
rock  associated  with  shear  zones  occur  in  both  the 
penstock  intake  and  operating-storage  areas.  Rock  in 
the  penstock  transitions  is  fresh  and  hard. 

The  right  abutment  intake  structure  is  founded  en- 
tirely on  fresh  hard  rock.  Only  a  few  narrow  shears 
cross  the  foundation  surface;  none  was  encountered  in 
the  stub  penstock  shafts. 

Geologic  Exploration 

The  possibility  of  an  underground  powerhouse  was 
considered  in  June  1959,  and  the  concept  was  first 
presented  to  the  Department's  Oroville  Dam  Consult- 
ing Board  for  evaluation  in  December  1959.  Based  on 
the  results  of  subsurface  exploration  at  that  time,  the 
left  abutment  was  chosen  as  the  most  favorable  loca- 
tion, and  plans  for  additional  exploration  were  for- 
mulated. 

Several  refraction  seismic  survey  lines  were  run  to 
determine  depth  of  weathering  and,  consequently, 
thickness  of  sound  rock  cover  above  the  powerplant 
arch.  Nine  Nx  (approximately  3  inches  in  diameter) 
core  holes  were  drilled  to  delineate  the  least  sheared 
area  of  the  left  abutment. 

Final  exploration  of  the  powerplant  site  consisted  of 
excavating  Left  Exploration  Funnel  No.  3  (LET-3) 
that  intersects  the  southerly'  end  of  the  powerhouse 
chamber  and  drilling  33  Bx  (approximately  2.3  inches 
in  diameter)  core  holes  from  the  tunnel.  A  compre- 
hensive tabulation  of  rock  joint  attitudes  was  com- 
piled from  all  rock  exposures  throughout  the  dam 
foundation  area  and  from  LET-3  in  order  to  deter- 
mine optimum  alignment  for  the  long  dimension  of 
the  powerhouse.  The  Department  made  a  peg  model 
showing  major  shears  and  joint  sets. 

Rock  stress  studies  were  conducted  in  various  un- 
derground openings  at  the  damsite,  primarily  in  LET- 
3,  to  define  the  in-place  stress  field,  deformation 
modulus,  and  relaxation  properties  of  the  powerhouse 
rock  mass,  which  are  described  later. 


Exploratory  drilling  for  the  intake  structures  prior 
to  construction  was  limited  to  five  holes  for  the  right 
abutment  intake  structure;  the  total  depths  amounted 
to  443  feet  on  the  right  abutment  and  85  feet  on  the  left 
abutment.  In  addition,  a  250-foot-deep  hole  was  drilled 
for  exploration  of  a  proposed  intake  tower  site  on  the 
left  abutment.  The  exploratory  drilling  was  supple- 
mented by  geophysical  surveys. 

Exploration  within  the  switchyard  area  included 
bucket  auger  drilling  and  core  hole  drilling  to  investi- 
gate the  feasibility  of  various  proposed  types  of  foot- 
ings. 

Instrumentation 

Approximately  200  instruments  were  installed  in 
the  underground  complex  of  tunnels  and  machine 
hall.  These  include  88  deformation  meters  with  elec- 
trical sensors  remotely  interrogated  and  14  such  me- 
ters measured  mechanically  at  the  main  operating 
floor,  all  installed  to  monitor  deformation  of  the  sur- 
rounding rock  envelope.  Additionally,  the  remaining 
instruments  were  installed  in  the  structural  concrete 
components  of  the  Powerplant,  in  one  of  the  steel- 
lined  penstock  entrances,  and  in  the  tunnel  outlet 
plug.  These  include  stress  meters,  strain  meters,  joint 
meters,  pore  pressure  cells,  and  dynamometers. 

The  deformation  of  a  rock  envelope  can  be  de- 
scribed as  a  convergence  of  the  surrounding  rock  into 
the  excavated  opening.  This  convergence  occurs  in 
two  stages.  The  first  stage  accompanies  the  excavation 
of  the  chamber  and  is  caused  by  the  removal  of  the 
interior  rock,  thus  changing  the  stress  concentration 
in  the  surrounding  rock.  The  second  stage  of  deforma- 
tion occurs  when  the  overburden  load  of  the  dam  and 
water  of  the  reservoir  is  added  above  the  chamber. 
Recent  measurements  show  negligible  deformation 
due  to  superimposed  loads  of  the  dam  and  water. 

Convergence  of  the  rock  arch  into  the  opening  dur- 
ing construction  was  less  than  predicted.  Based  upon 
in-place  rock  testing  and  stress  analyses,  deformation 
in  the  arch  is  less  than  50%  of  what  probably  would 
have  occurred  in  unrestrained  (unbolted)  rock.  The 
4-foot  spacing  of  rock  bolts  appears  to  have  been  effec- 
tive in  limiting  this  movement.  (Rock  bolting  is  dis- 
cussed later  under  Rock  Reinforcement.)  In  the 
vertical  walls,  bolt  spacing  was  6  feet,  and  installation 
time  requirements  were  extended  to  48  hours  after 
blasting.  Average  deformation  in  the  walls  was  com- 
patible with  that  which  occurred  in  the  unbolted  rock 
of  Diversion  Tunnel  No.  1,  where  similar  measure- 
ments were  made. 

There  has  been  no  evidence  of  instability  or  pro- 
gressive rock  creep  occurring  in  the  chamber. 

Seismicity 

The  area  is  considered  relatively  seismically  inac- 
tive and  generallv  not  considered  susceptible  to  major 
earthquakes.  All  elements  of  the  plant  were  designed 
to  withstand  moderate  earthquake  forces  (i.e.,  0. lg). 
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Civil  Features 

Preliminary  Studies 

Preliminary  studies  included  the  following: 

1.  Intake  structures 

2.  Tunnel  penstocks  and  branch  lines 

3.  Valve  chambers 

4.  Powerhouse  layout 

5.  Diversion  and  tailrace  tunnels 

These  preliminary  studies  are  briefly  described  in 
the  following  sections. 

Intake  Structures.  The  first  proposal  considered  a 
single-level  intake  structure  to  draw  water  from  the 
reservoir  near  elevation  600  feet.  By  so  doing,  temper- 
atures of  discharged  water  would  range  from  40  de- 
grees Fahrenheit  to  46  degrees  Fahrenheit  throughout 
the  year.  This  would  have  had  a  detrimental  effect  on 
fish  propagation,  rice  production,  and  recreation. 
Even  with  warming  gained  through  shallower  down- 
stream flows,  the  water  still  would  be  too  cold. 

A  multilevel  tower  was  studied  next.  It  was  to  be 
circular  in  plan  (100  feet  in  diameter)  and  equivalent 
to  a  building  approximately  30  stories  high.  The  major 
element  of  the  structure  was  12  reinforced-concrete, 
hydraulically  shaped,  vertical  "columns  of  fins" 
framed  to  reinforced-concrete  rings,  spaced  at  20-foot 
vertical  intervals.  Control  shutters  lowered  in  slots  in 
the  fins  would  block  inflow  of  water.  Access  schemes 
included  either  a  bridge,  barges,  or  elevated  cable- 
ways,  all  of  which  contributed  substantially  to  the 
initial  structure  costs.  The  tower  structure  was  found 
to  be  structurally  and  economically  unfeasible. 

A  series  of  similar  but  smaller  towers  critically 
spaced  horizontally  to  provide  continuity  of  service 
was  then  studied.  This  proposal  was  ruled  out  due  to 
the  complexity  of  tunneling  for  the  penstocks  and 
expense  of  providing  the  necessary  operating  equip- 
ment. 

The  last  type  of  multilevel  intake  studied  was  a 
sloping  structure  which  was  selected  for  final  design. 
A  description  of  this  intake  is  included  under  Power- 
plant  Structures  and  Design  Considerations. 

Tunnel  Penstocks  and  Branch  Lines.  Two  pen- 
stock tunnels  were  chosen  in  lieu  of  a  one-tunnel 
scheme  to  lend  more  flexibility  in  operation.  Each 
penstock  tunnel  has  three  branch  lines  connecting  to 
three  units.  If  one  of  the  tunnels  or  branches  need 
inspection  or  repair,  the  other  penstock  tunnel  can 
remain  in  operation. 

Valve  Chambers.  Two  schemes  were  studied  for 
housing  the  six  114-inch,  turbine,  shutoff  valves.  The 
initial  plan  placed  each  valve  in  a  separate  chamber, 
physically  isolating  it  from  the  powerhouse  proper. 
The  advantage  of  this  arrangement  is  a  greater  degree 
of  safety  should  a  rupture  occur  in  the  valve  or  portion 
of  penstock  located  in  the  separate  chamber. 

In  the  second  scheme,  adopted  for  final  design,  the 
valves  were  placed  in  the  powerhouse  chamber.  The 
advantages  of  this  scheme  were  twofold:  less  rock  ex- 


cavation, and  the  need  for  an  extra  crane  was  eliminat- 
ed since  the  valves  can  be  serviced  with  the 
powerhouse  bridge  cranes.  Factors  of  safety  for  the 
valves  and  penstock  transition  with  this  arrangement 
were  increased  by  using  conservative  design  stresses 
and  high-strength  steels. 

Powerhouse  Layout.  Preliminary  design  of  the 
powerhouse  included  several  alternatives.  Surface  and 
underground  schemes  were  considered.  While  the 
conventional  scheme  represented  a  surface  power 
plant  located  at  the  toe  of  the  dam,  the  underground 
scheme  studies  included  several  possible  plant  con- 
figurations. A  spherical  rock  cavern  with  a  circular 
power  plant  and  a  typical  rectangular  rock  excavation 
housing  a  simple  in-line  arrangement  of  units  were 
investigated.  Separate  economic  studies  were  made 
for  the  location  of  the  main  transformers.  As  a  result 
a  single,  rectangular,  rock  cavern  housing  all  equip- 
ment, including  the  transformers  and  penstock  valves, 
offered  the  most  economical  design.  The  main  prob- 
lem was  to  provide  adequate  space  for  the  turbine 
shutoff  valves  and  to  keep  the  overall  width  of  rock 
excavation  to  a  minimum,  thus  providing  for  a  design 
in  which  the  rock  arch  forms  a  dependable  and  self- 
supporting  roof  structure. 

Rotation  of  units  is  counterclockwise  when  generat- 
ing and  clockwise  when  pumping.  This  was  chosen 
because  of  the  orientation  of  penstock  branch  lines 
and  the  economy  of  space. 

Diversion  and  Tailrace  Tunnels.  The  preliminary 
design  studies  of  the  two  diversion  tunnels  took  into 
consideration  their  use  as  tailrace  tunnels  for  the  pow- 
erhouse. This  governed  their  vertical  and  horizontal 
alignment.  When  diversion  of  the  river  was  no  longer 
required,  the  diversion  tunnels  were  plugged  up- 
stream of  the  powerhouse  location,  and  the  draft  tubes 
were  connected  to  the  tunnels.  Hydraulic  model  stud- 
ies of  the  draft-tube  connections  to  the  diversion  tun- 
nels for  power  operations  were  conducted  under 
contract  by  the  U.S.  Bureau  of  Reclamation  in  their 
hydraulic  laboratory  in  Denver,  Colorado.  The  basic 
designs  prepared  by  the  Department  of  Water  Re- 
sources were  finalized  through  these  model  studies. 
Additional  description  of  the  diversion  tunnel  layout 
and  structural  design  is  contained  in  Volume  III  of 
this  bulletin. 

Site  Development  and  Drainage 

Site  development  comprised  mostly  underground 
construction  activities  and,  concurrently,  above- 
ground  site  locations  for  various  facilities  were  devel- 
oped. Site  development  consisted  of  excavation  for  the 
intake,  two  penstock  tunnels,  six  branch  lines,  power- 
house access  tunnel,  powerhouse,  diversion  tunnels, 
control  building,  switchyard,  access  roads,  facilities 
for  domestic  water  and  sewage  treatment,  and  disposi- 
tion of  spoil.  Site  drainage  included  temporary  drain- 
age during  construction  and  permanent  site  drainage 
for  the  control  building  and  switchyard  areas.  Site 
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development  for  all  other  facilities  was  provided  in 
-conjunction  with  Oroville  Dam. 

Access  to  the  Powerplant  is  by  a  road  included  in 
the  system  providing  access  to  all  Oroville  Dam  facili- 
ties. The  road  net  leading  to  the  powerhouse  access 
tunnel  is  the  only  route  available  for  transporting 
heavy  equipment  to  the  underground  powerhouse. 
/  The  location  of  the  intake  structure  on  the  ridge 
upstream  of  the  left  abutment  of  the  Dam  was  gov- 
erned by  the  underground  powerhouse  location.  A 
large  double-channel  excavation  was  required  for  the 
sloping  portion  of  the  intake,  and  structural  excava- 
tion was  required  for  the  operations  and  maintenance 
area.  Material  removed  from  this  area  was  spoiled  in 
designated  waste  areas.  Drainage  during  construction 
and  storm  runoff  from  the  site  were  allowed  to  drain 
to  the  river  below. 

Excavation  of  the  diversion  tunnels  preceded  that  of 
the  powerhouse.  Work  on  Diversion  Tunnel  No.  1 
was  complicated  because  the  upstream  portal  was  di- 
rectly beneath  the  Western  Pacific  Railroad,  and  ac- 
cess to  the  site  was  across  a  temporary  bridge  crossing 
the  Feather  River  from  U.S.  Highway  40A  (now  State 
Highway  70) .  Excavation  for  Diversion  Tunnel  No.  2 
was  less  complicated  since  the  Railroad  and  Highway 
had  been  relocated,  eliminating  the  need  for  maintain- 
ing railroad  and  highway  traffic  flow.  Material 
removed  from  the  tunnels  was  spoiled  in  designated 
waste  areas,  and  some  rock  was  used  in  cofferdams, 
roads,  and  switchyard  embankment.  Ground  water 
seeping  into  the  tunnel  was  pumped  to  the  surface  for 
disposal  into  the  River. 

The  switchyard  was  placed  as  close  as  possible  to 
the  entrance  of  the  powerplant  access  tunnel.  This 
necessitated  constructing  a  large  fill  on  the  left  bank 
of  the  River  with  materials  removed  from  the  power- 
house and  penstock  excavations.  This  became  the  loca- 
tion for  the  switchyard  and  control  building. 

The  drainage  system  for  the  switchyard  consists  of 
intercepting  ditches  on  the  hillside  above  the  yard  and 
a  system  of  underdrains  and  ditches  to  handle  water 
in  the  immediate  yard  area. 

The  ditches  are  lined  with  pneumatically  applied 
mortar.  Backfill  around  the  control  building  is 
drained  by  a  perforated  underdrain  which  discharges 
into  the  underground  system  for  the  switchyard.  The 
collected  runoff  is  discharged  into  the  River. 

Raw  sewage  from  the  Powerplant  is  pneumatically 
ejected  to  a  septic  tank  located  near  the  control  build- 
ing. Sewage  from  the  control  building  also  flows  to 
this  septic  tank.  After  undergoing  treatment,  effluent 
from  the  septic  tank  drains  to  a  lift  station  and  is 
pumped  to  stabilization  ponds  located  downstream  of 
the  switchyard  for  further  treatment.  Effluent  from 
the  ponds  is  then  disposed  of  in  a  leach  field  system 
farther  downstream. 

Powerplant  Structures  and  Design  Considerations 
Intake    Layout    and    Design.     Water    must    be 


released  from  the  reservoir  at  temperatures  suitable 
for  fish  life  and  agricultural  purposes.  Therefore,  a 
sloping  intake  structure  capable  of  withdrawing  wa- 
ter from  various  reservoir  levels,  and  consisting  of  two 
rectangular  channels  equipped  with  water-level  con- 
trol shutters,  was  selected.  The  flow  area  of  each  chan- 
nel is  approximately  1,100  square  feet,  and  the  inflow 
level  is  controlled  by  shutters.  The  intakes  extend 
from  the  penstock  inlet  at  elevation  613  feet  to  the 
intake  operating  deck  at  elevation  922  feet.  The  oper- 
ating deck  contains  the  control  building  and  equip- 
ment needed  for  operation  and  maintenance  purposes. 

The  main  intake  gates  are  designed  for  normal  and 
emergency  closure;  thus  the  penstocks  can  be  dewa- 
tered  at  any  time  (Figures  63  and  64). 

Operating  Deck  Structure.  The  operating  deck 
structure  houses  electrical  and  mechanical  equipment 
and  has  storage  bays  for  storing  and  maintaining  con- 
trol shutters. 

The  foundations  for  the  structure  were  designed  for 
adequate  stability  and  maximum  security  against  ero- 
sion. Spread  and  stepped  footings  were  used.  Eight- 
een-inch  walls  extend  from  the  foundation  to  the  floor 
level.  Free-draining  gravel  blankets  on  both  sides  of 
the  foundation  walls  equalize  hydrostatic  loads.  Weep 
holes  also  are  provided. 

Eight-inch,  asphalt-coated,  perforated,  corrugated- 
metal  pipe  was  provided  along  the  back  wall  of  the 
deck  structure  to  intercept  ground  water. 

Intake  Channel.  The  rectangular  intake  channels 
extend  from  the  penstock  inlet  up  to  the  operating 
deck  structure,  a  length  of  650  feet  (Figure  65).  The 
channels  are  founded  on  rock  on  a  slope  of  1.9:1.  The 
invert  slab  is  firmly  anchored  to  the  rock,  and  the 
vertical  side  walls  are  cantilevered  35  feet  from  the 
invert  slab.  Near  the  junction  with  the  penstock,  the 
rectangular  channel  side  walls  converge  to  the  same 
width  as  the  penstock  inlet  in  order  to  minimize  head 
loss  and  simplify  the  intake  gate  design.  Gate  slots  in 
the  concrete  are  lined  with  stainless-steel  plates. 


Figure  63.     Overoll  View  of  Intake 
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Figure   64.      Intake  Structure 
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The  intake  channels  are  anchored  to  the  foundation 
by  a  combination  of  shear  keys  and  stressed  rock  bolts. 
Stressed  rock  bolts  were  designed  to  tie  the  channel 
and  the  jointed  foundation  rock  into  a  structural  enti- 
ty. 

The  high  channel  walls,  with  free  water  on  both 
sides,  exposed  a  large  area  for  hydrodynamic  seismic 
loads.  For  large  deflections  in  the  freestanding  chan- 
nel walls,  the  original  design  called  for  tying  the  two 
walls  together  with  channel  beams.  The  control  shut- 
ters were  to  be  40  feet  long,  and  channel  beam  spac- 
ings  had  to  be  such  that  their  sum  equaled  40  feet. 
Secondly,  the  channel  beams  were  to  be  designed  to 
limit  deflections  to  within  tolerable  limits.  Channel 
beams  located  at  13-foot  -4-inch  intervals  were  to  be 
of  composite  construction  and  accommodate  large  re- 
versible moments  and  thrusts.  The  design  consisted  of 
a  wide-flanged  member  wrapped  with  welded  wire 
fabric  and  encased  in  reinforced  concrete. 

Because  of  the  poor  foundation  encountered  during 
excavation,  the  trashrack  support  structure  for  the 
penstock  intakes  had  to  be  completely  redesigned.  The 
original  concrete  arch-strut  system  required  full  fixity 
at  its  abutments  for  structural  integrity.  The  strutted, 
box-shaped,  channel  structure  could  not  fulfill  this 
design  requirement.  The  need  for  a  trashrack  support 
structure  having  greater  flexibility  than  the  rein- 
forced-concrete  design  was  obvious.  Designs  were 
compared  for  a  system  of  circular  arches,  gable 
trusses,  and  horizontal  beams.  Of  the  three,  the  arch 
system  proved  most  economical. 

Spacings  of  trashrack  support  arches  were  related  to 
the  channel  beams.  They  were  designed  to  function  as 
a  tie  for  the  arch  supports.  But,  with  the  arches  spaced 
at  13  feet  -  4  inches,  the  beams  between  the  arches 
were  required  as  well  as  cross  beams  to  support  the 
trashrack  panels.  Therefore,  a  framing  system  having 
arches  at  6-foot  -  8-inch  centers  was  adopted  which 
eliminated  all  beams,  thus  reducing  and  simplifying 
connections. 

Penstock  Transition.  That  part  of  the  structure 
from  the  rectangular  penstock  inlet  at  the  channel 
invert  down  to  the  22-foot-diameter  penstock  is  desig- 
nated the  penstock  transition.  The  penstock  changes 
smoothly  from  a  rectangular  shape  to  a  22-foot-diame- 
ter circular  section.  Convergence  and  divergence  of 
sides  were  held  to  less  than  5  degrees  and  abrupt 
changes  were  avoided. 

Loading  of  the  transition  section  was  presumed  at 
125%  of  the  hydrostatic  head  acting  either  internally 
or  externally.  The  rectangular  section  was  designed  as 
a  box  frame  resisting  applied  moment  at  the  corners. 
The  circular  section  was  designed  as  a  ring. 

Intake  Trashracks.  Intakes  for  onstream  hydro- 
electric plants  require  an  effective  means  to  prevent 
damage  to  turbine  parts  caused  by  debris  in  the  water. 
The  intake  trashracks  provide  this  protection. 

The  overall  size  of  the  trashrack  system  and  its  sup- 


port structure,  coupled  with  its  long-term  corrosive 
environment,  make  the  definition  of  design  loads,  the 
selection  of  the  structural  scheme,  and  the  selection  of 
design  materials  important.  Design  loads  for  the  trash- 
rack support  structure  included  the  structure  dead 
load,  hydrostatic  live  load,  hydrodynamic  seismic 
loads,  wind  and  wave  loads,  support  movements,  and 
temperature  loads.  Because  of  the  steep  channel  slope, 
the  out-of-plane  dead  load  component  became  signifi- 
cant. 

A  careful  study  selecting  the  proper  material  for  the 
trashracks  and  trashrack  supports  was  warranted.  A 
study  was  conducted  on  continually  submerged 
materials.  Materials  considered  included  carbon  steel, 
low  alloy  steel,  wrought  iron,  aluminum,  and  stainless 
steel.  Major  advantages  of  stainless  steel  are  its  corro- 
sion resistance,  not  only  on  its  surface  but  throughout 
its  entire  section,  and  that  it  can  be  cold  worked  to 
high  strength  and  is  a  weldable  material. 

The  development  of  a  design  using  high-strength, 
stainless-steel,  hollow  tubes  for  trash  bars  and  light- 
gauge  sheets  and  strips  for  the  support  members  made 
a  very  lightweight  structure. 

Load  criteria  for  the  trashracks  included  live  load, 
impact  load,  hydrodynamic  seismic  load,  and  dead 
load.  The  hydrodynamic  seismic  loading  was  evaluat- 
ed using  the  "Cylinder  Analogy"  which  was  found  in 
all  cases  to  be  less  than  other  design  load  conditions. 
Trash-bar  thickness  was  made  sufficient  to  allow  the 
trash  bars  to  span  between  the  arches  (6-foot  -  8-inch 
centers)  without  additional,  intermediate,  lateral  sup- 
ports. When  the  design  was  completed,  the  most  effi- 
cient shape  was  found  to  be  a  hollow,  rounded, 
rectangular  tube  fabricated  from  %-inch,  hard,  stain- 
less-steel tubing. 

The  trashrack  support  angles  secure  the  trash  bars 
into  a  system  of  panels.  This  angle  is  a  designed,  Type 
304,  stainless-steel  extrusion.  This  technique  was  se- 
lected because  it  allowed  a  cross  section  to  be  prepared 
which  fit  all  requirements  for  the  support  member. 
These  panels  were  totally  shop-assembled  into  uni- 
form interchangeable  units.  All  bolt  holes  were  pre- 
punched into  a  uniform  pattern.  To  cover  the  total 
trashrack  area,  810  panels  were  required.  Eighteen 
specially  shaped  trashrack  panels  were  required  for 
the  end  closures. 

During  the  acceptance  testing  period  of  the  power- 
plant  systems,  the  Department  was  alerted  to  vibra- 
tion problems  that  had  just  occurred  at  another 
pumping-generating  installation  during  the  pumping 
mode.  It  was  learned  that  the  vibrations  were  caused 
by  the  so-called  Von  Karman  effect  that  excited  cer- 
tain structural  members  during  the  pumping  mode. 
This  is  the  turbulence  created  in  the  wake  of  flows 
traveling  around  a  bar.  Tiny  vortices  are  rapidly 
formed  and  then  shed,  first  on  one  side  of  the  bar  and 
then  on  the  other,  regularly  alternating  back  and 
forth.  Given  proper  conditions,  Von  Karman  effects 
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can  readily  set  the  bar  into  motion  and,  if  in  resonance 
with  the  structural  element,  may  cause  rapid  failure 
by  fatigue. 

To  circumvent  vibrations  during  the  pumping  cy- 
cle, all  the  trashracks  and  shutters  in  the  vicinity  of  the 
pump  flow  jet  directly  above  the  penstock  openings 
were  removed. 

The  up-channel  flow  intake  was  reduced  by  placing 
internal  relief  shutters  in  lieu  of  regular  shutters  di- 
rectly in  line  with  the  penstock  opening.  A  descrip- 
tion of  these  shutters  follows  later  under  Internal 
Relief  Shutters.  No  measurements  of  the  flow  escap- 
ing through  the  relief  openings  were  made,  but  air 
model  studies  made  by  the  University  of  California  at 
Davis  indicated  this  to  be  about  33%  of  the  total  vol- 
ume pumped.  Hydraulic  studies  further  verified  this 
result.  The  remaining  channel  flows  contained  no 
pockets  of  high  velocities  and  were  no  longer  critical 
to  trashrack  vibrations.  A  minimum  of  three  shutters 
was  required  to  turn  the  jet  completely  up  the  chan- 
nel. Velocities  through  the  relief  openings  were  high, 
and  this  would  have  had  detrimental  effects  on  the 
trashracks  had  they  not  been  removed.  The  model 
testing  indicated  that  the  jet  could  be  deflected  with 
shutters  and  even  more  favorably  with  the  internal 
relief  shutters  in  place  at  the  bottom. 

The  flow  escaping  through  the  relief  shutters  ap- 
peared on  the  reservoir  surface  as  a  compact  boil  about 
50  to  60  feet  across.  No  measurements  could  be  made 
of  the  velocity  of  the  flow  escaping  through  the  shut- 
ters. 

After  approximately  three  years  of  operation,  evi- 
dence of  failures  of  some  trashrack  bars  was  noted 
during  a  routine  maintenance  inspection.  After  con- 
ducting a  testing  program,  it  was  learned  that 
trashrack  bars  were  resonating  due  to  the  effects  of 
Von  Karman  vortices  occurring  during  generating 
flow.  Up  to  this  point  in  time,  little  pumping  had  been 
done.  To  alleviate  the  problem,  lateral  stabilizers 
made  of  butyl  rubber  were  placed  between  the  bars 
and  braced  with  diagonal  bracing.  Test  results  showed 
that  the  magnitude  of  the  forces  created  by  vibrations 
was  reduced  from  2.15g  to  O.lg  for  spans  having  dia- 
gonally stayed  lateral  stabilizers.  These  reduced  forces 
and  the  large  increase  of  damping  provided  by  the 
lateral  stabilizers  will  assure  satisfactory  operation  of 
the  system. 

Temperature  Control  Shutters.  The  temperature- 
controlling  capability  is  provided  by  flat,  rectangular, 
fixed-wheel  gates  or  temperature  control  shutters. 
These  are  lowered  from  the  storage  bays  by  the  shut- 
ter gantry  into  the  channel  on  rails  embedded  near  the 
top  of  the  channel  walls.  The  first  shutter  bears  on  the 
end  block;  each  successive  shutter  bears  on  the  preced- 
ing one.  Thus,  this  line  of  shutters  prohibits  water 
from  entering  the  intake  channel  below  the  upper- 
most shutter.  By  lowering  additional  shutters  or  with- 
drawing them  from  the  channel,  water  may  be  drawn 


from  varying  levels  in  the  reservoir,  depending  on  the 
desired  temperature  of  releases  made. 

Emergency  and  normal  regulation  of  the  power 
generating  units  can  cause  severe  shutter  loading  con- 
ditions in  the  intake  structure.  Without  pressure  re- 
lief, transient  studies  of  head  rise  near  the  penstock 
inlet  indicated  an  upsurge  of  25  feet  during  load  rejec- 
tion and  a  downsurge  of  20  feet  during  load  accept- 
ance. To  maintain  differential  pressure  within 
acceptable  limits,  the  lower-most  control  shutter  in 
each  intake  contains  an  intake  internal  pressure  relief 
system.  The  next  two  control  shutters  in  each  intake 
contain  an  external  pressure  relief  system.  The  re- 
maining ten  in  each  intake  are  standard  shutters  hav- 
ing no  relief  openings  and  are  closed  off  by  metal 
decking. 

The  basic  structural  framework  for  all  the  control 
shutters  is  the  same.  It  consists  of  two  wheel  housings; 
five  girders  (two  end  and  three  intermediate)  span- 
ning between  channel  walls;  curved  plates  attached  to 
one  end  for  a  seal  and  the  other  for  hydraulic  effi- 
ciency; and  all  necessary  stiffeners,  lateral  bracing, 
and  tension  rods  for  stability  during  handling  and 
transportation.  Each  shutter  is  prefabricated  in  four 
units,  with  the  field  joints  at  the  centerline  of  the 
intermediate  girders. 

Internal  Relief  Shutters.  Internal  overpressures 
caused  by  pumping  or  load  rejection  by  motor-genera- 
tors are  easily  reduced  to  tolerable  limits.  A  25-foot 
upsurge  in  pressure  would  be  created  by  simultane- 
ously rejecting  all  power  generation.  However,  by 
diverting  excess  flows  through  relief  vents,  the  surge 
is  limited  to  that  required  to  eject  this  excess.  The 
internal  relief  system  for  each  intake  consists  of  64  flap 
panels  mounted  eccentrically  on  axles  and  fitted  with- 
in the  framework  of  one  control  shutter. The  panel 
weight  is  used  to  hold  them  closed  until  it  is  exceeded 
by  the  force  from  internal  overpressures.  Each  panel 
is  3  feet  long  by  4  feet  -  4  inches  wide.  Its  axles  are 
mounted  in  water-lubricated,  fluorocarbon,  resin 
bearings.  When  pressures  are  relieved,  dead  weight 
restores  the  panel  to  its  normal  closed  position.  With 
64  panels,  832  square  feet  of  relief  area  is  provided. 

External  Relief  Shutters.  External  overpressures 
exist  whenever  power  demand  increases.  A  maximum 
20-foot  downsurge  would  be  created  in  Intake  No.  1 
when  the  two  turbines  and  one  pump-turbine  pick  up 
load  at  the  maximum  rate  of  100  megawatts  per 
minute.  The  system  had  to  provide  relief  when  needed 
and  return  to  its  normally  closed  position  at  other 
times. 

The  system  adopted  consisted  of  torsion  springs  in- 
stalled and  preloaded  so  the  panels  would  remain 
closed  until  an  external  overpressure  in  excess  of  3.5 
feet  of  water  occurred.  Additional  differential  pres- 
sure will  force  the  panels  open.  Through  model  tests 
conducted  by  the  U.S.  Bureau  of  Reclamation,  the 
response  of  each  relief  panel  was  determined.  This 
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determination  included  opening  torque  and  discharge 
related  to  gate  opening.  Having  this  information,  it 
was  determined  that  64  external  relief  panels  would  be 
required  for  each  intake  channel.  Because  of  the  size 
of  each  relief  panel,  including  the  attached  spring  sys- 
tem, two  shutters  were  required  to  contain  the  num- 
ber of  panels  required. 

Additional  capability  for  external  relief  is  provided 
by  the  internal  relief  panels.  The  lip  of  each  internal 
relief  panel  is  hinged  and  held  in  place  by  bolts  de- 
signed to  fail  in  tension  should  external  overpressures 
exceed  7.5  feet  of  head.  This  loading  approaches  80% 
of  the  ultimate  strength  of  the  control  shutters.  This 
back-up  system  was  designed  to  actuate  if,  for  some 
unforeseen  reason,  the  external  pressure  relief  system 
failed  to  limit  the  head  rise  to  5  feet  as  designed. 

Power  Tunnels 

Penstock  Tunnels  and  Branches.  Two  circular, 
concrete-lined,  penstock  tunnels,  each  dividing  into 
three  branches,  serve  the  six  generating  units  in  the 
plant.  The  branches  vary  from  800  to  900  feet  in  total 
length.  A  transition  section  connects  the  circular  pen- 
stock with  the  intake  base.  The  22-foot-diameter  pen- 
stocks begin  as  vertical  shafts  at  the  lower  end  of  the 
inclined  intake  structure,  bend  to  55-degree  inclined 
shafts,  level  out  at  approximately  elevation  2 IS  feet, 
and  then  branch  out  to  each  unit  and  enter  the  power- 
house at  elevation  205  feet. 

The  tunnel  layout  was  based  on  economics  as  well 
as  the  general  relationship  between  the  Dam  and 
plant.  The  shortest  tunnel  best  suited  for  anticipated 
construction  methods  was  chosen.  Control  points  de- 
termining the  basic  layout  are  as  follows:  (1)  the  in- 
take structure  was  located  for  convenient  access  with 
respect  to  the  embankment  and  powerhouse,  (2)  the 
angle  of  branches  entering  the  powerhouse  was  con- 
trolled by  plant  layout,  and  ( 3 )  a  straight  penstock  ten 
times  the  diameter  in  length  was  provided  immediate- 
ly upstream  of  the  units  to  assure  uniform  velocity 
distribution  at  their  entrance. 

Penstock  No.  1  serves  two  turbines  and  one  pump- 
turbine,  and  Penstock  No.  2  serves  one  turbine  and 
two  pump-turbines.  Maximum  velocity  in  the  pen- 
stocks is  approximatelv  25  feet  per  second.  A  45-de- 
gree  angle  is  used  between  the  main  penstock  and 
branches  to  improve  the  hydraulic  efficiency  of  the 
bifurcations.  A  steel  liner  is  used  in  the  last  100  feet  of 
the  branches  to:  (1)  provide  a  high-quality  surface 
immediately  upstream  of  the  scroll  cases,  (2)  prevent 
high  water  pressures  in  the  penstock  from  leaking  into 
the  rock  immediately  surrounding  the  powerhouse, 
and  (3)  provide  for  convenient  installation  of  in- 
strumentation for  flow  measurement. 

Concrete  Tunnel  Lining.  Concrete  lining  was 
used  in  the  tunnels  to  ensure  a  smooth  interior  surface 
to  limit  head  loss,  prevent  rock  fallout,  and  minimize 
seepage  into  the  surrounding  rock.  The  limiting  cases 
for  tunnel  lining  loading  are:  (1)  full  reservoir  pres- 


sure on  the  outside  and  zero  inside,  and  (2)  full  reser- 
voir pressure  on  the  inside  and  zero  hvdrostatic 
outside.  Design  of  the  concrete  lining  for  internal 
pressure  was  based  on  distributing  the  load  between 
steel  reinforcement  and  the  surrounding  rock.  Analv- 
sis  indicated  that  the  stress  in  the  hoop  reinforcement 
would  be  approximately  10,000  pounds  per  square 
inch  (psi)  with  the  measured  rock  modulus.  Rein- 
forcement steel,  in  the  amount  of  0.3%  of  the  concrete 
area,  was  used  to  ensure  that  any  cracking  caused  by 
a  net  pressure  on  the  inside  is  fine  and  well  distribut- 
ed. The  steel  liner  was  designed  to  resist  the  full  reser- 
voir on  the  inside  and  on  the  outside  with  the  penstock 
empty. 

Grouting.  The  grouting  program  for  the  pen- 
stocks included  consolidation  grouting  of  the  rock  sur- 
rounding the  tunnels,  contact  grouting  the  voids 
between  the  concrete  lining  and  rock,  and  contact 
grouting  the  voids  between  steel  liners  and  concrete 
backfill.  Filling  all  voids  by  contact  grouting  and  in- 
creasing the  competency  of  the  surrounding  rock  by 
consolidation  grouting  are  of  utmost  importance  to 
minimize  cracking  of  the  tunnel  lining  should  an  un- 
balance of  hydrostatic  pressures  result  in  pressure  on 
the  inside. 

Draft  Tubes  and  Draft-Tube  Tunnels.  The  draft 
tubes  from  Units  Nos.  1  and  2  connect  to  Diversion 
and  Tailrace  Tunnel  No.  2,  while  those  from  Units 
Nos.  3  through  6  pass  under  Tunnel  No.  2  and  con- 
nect to  Tunnel  No.  1.  Surge  ports  from  draft  tubes 
Nos.  3  through  6  connect  with  Tunnel  No.  2.  The 
draft  tubes  and  tunnels  are  lined  with  reinforced  con- 
crete. 

The  exhaust  way  from  the  units  is  divided  into  two 
main  reaches:  the  draft  tube,  and  the  draft-tube  tun- 
nel. The  draft  tube  connects  to  the  base  of  the  scroll 
case  with  a  circular  cross  section;  forms  an  elbow 
which  transitions  into  a  broad  flat  rectangle;  and  then, 
split  by  a  center  pier,  transitions  into  a  circle.  Hydrau- 
lic model  studies  conducted  by  the  turbine  manufac- 
turer (Allis-Chalmers)  verified  the  efficiency  of  draft 
tubes  transitioning  to  circular  sections.  As  the  draft 
tubes  are  underground  and  subjected  to  high  external 
hydrostatic  pressures,  it  was  desirable  to  use  partial 
circular  sections  to  take  advantage  of  the  arching  of 
the  concrete  lining  and  the  surrounding  rock  excava- 
tions. 

Since  velocities  are  quite  low  (a  maximum  of  ap- 
proximately 25  feet  per  second),  a  concrete  surface 
finish  was  specified  allowing  abrupt  irregularities  up 
to  '/  inch  and  gradual  irregularities  up  to  '/2  inch. 

Elbow  portions  of  the  draft  tube  and  a  short  reach 
of  the  horizontal  section  are  steel-lined.  The  reach  of 
circular  tunnels  connecting  the  transitions  to  the  di- 
version tunnels  are  designated  as  the  draft-tube  tun- 
nels. The  tunnels  from  Units  Nos.  1,  i,  and  5  are  21 
feet  in  diameter,  and  those  from  Units  Nos.  2,  4,  and 
6  are  18  feet  in  diameter. 

That  portion  of  the  draft  tube  extending  outside  of 
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the  powerhouse  structure  is  subjected  to  external  hy- 
drostatic pressure  less  than  that  of  full  reservoir  as  it 
is  downstream  of  the  dam  grout  curtain  and  in  the 
zone  of  influence  of  the  powerplant  drainage  system. 
Drain  holes  were  drilled  through  the  lining  into  the 
rock  at  the  invert  of  the  tunnels  to  further  ensure  a 
reduction  in  external  pressure.  A  design  external  pres- 
sure of  50%  of  the  reservoir  head  was  based  on  the 
electrical  analogy  studies  conducted  for  the  power- 
plant  complex. 

Sections  through  the  draft-tube  transitions  were  de- 
signed as  elastic  arches  subjected  to  the  external  load 
plus  dead  load.  The  internal  dimensions  of  the  sec- 
tions are  symmetrical  about  both  the  horizontal  and 
vertical  axes,  and  reinforcement  is  placed  as  such. 
Fixity  is  assumed  at  the  point  the  arch  joins  the  center 
pier.  Investigations  showed  that  the  loading  on  the 
pier  produced  negligible  deformations;  thus,  rib  short- 
ening or  abutment  movement  were  not  factors  in  the 
design  of  the  arch. 

The  circular  draft-tube  tunnels  were  designed  as 
thick  wall  cylinders  subjected  to  the  loading  as  pre 
viously  mentioned.  Where  reinforcement  was  not  re- 
quired for  structural  reasons,  it  was  placed  longitudi- 
nally and  transversely  in  the  tunnels  to  preclude 
excessive  cracking  of  the  concrete. 

Powerhouse  Layout  and  Design 

Powerhouse  Chamber.  The  total  length  of  the 
powerhouse  chamber  including  the  erection  bay  is  550 
feet,  its  width  is  69  feet,  and  its  excavated  depth  is  137 
feet. 

The  draft-tube  tunnels  are  approximately  elliptical 
in  shape  at  the  junction  with  the  powerhouse  cham- 
ber. The  horizontal  and  vertical  axes  of  the  ellipse  are 
36  and  20  feet,  respectively.  The  15-foot-diameter  ex- 
cavated penstock  branches  enter  the  powerhouse 
chamber  at  elevation  205  feet. 

The  roof  of  the  powerhouse  excavation  forms  two 
circular  arcs  with  a  rise  of  19  feet  and  maximum  width 
of  72  feet  at  the  section  through  draft-tube  gate  slots. 
As  previously  stated,  the  problem  was  to  house  excep- 
tionally large  equipment  with  economy  and  safety  of 
excavation.  For  this  reason,  the  roof  span  of  the  main 
cavern  was  kept  to  a  minimum,  and  rock  stabilization 
was  achieved  by  rock  bolting  and  grouting. 

Analysis  of  Rock  Stresses.  In  preparation  for  de- 
sign of  the  powerhouse  chamber,  it  was  necessary  to 
determine  rather  closelv  the  magnitude  of  the  stresses 
already  existing  in  the  rock  mass.  The  methods  and 
devices  used  have  been  used  on  other  occasions; 
however,  the  extent  and  the  particular  combination  of 
these  methods  utilized  in  this  investigatory  work  are 
deemed  worthy  of  mention.  In  general,  the  methods  of 
investigation  used  in  the  exploratory  adits  of  the  ma- 
chine hall  chamber  were:  (1)  diametral  jacking,  (2) 
flatjack  testing,  and  (3)  bore  hole  stress  relief  testing. 

The  diametral  jacking  technique  measures  the  in- 
situ  deformation  modulus  of  the  rock  mass,  a  parame- 
ter differing  from  the  elastic  modulus  in  that  it  in- 


cludes the  effect  of  joints  and  discontinuities  as  well 
as  the  intact  rock.  The  modulus  must  be  known  to 
properly  design  openings  in  rock  and  to  design  struc- 
tures acting  in  conjunction  with  the  rock.  As  the  name 
implies,  the  process  consists  of  applying  a  jacking  load 
between  the  diametrically  opposite  walls  of  an  adit  or 
gallery  excavated  in  the  rock  and  measuring  the  defor- 
mation produced  in  the  rock  by  these  loads.  By  using 
the  measured  load  and  deformation  in  equations 
derived  from  elastic  theory,  determination  of  the 
modulus  of  deformation  is  made. 

In  the  flatjack  method,  precise  measuring  points  are 
first  established  in  the  rock  and  then  a  slot  is  cut  pass- 
ing between  the  points.  The  change  in  distance  be- 
tween the  points,  due  to  the  removal  of  the  restraint 
of  the  rock  between  them  and  the  force  which  it  is 
necessary  to  apply  by  means  of  a  flatjack  inserted  in 
the  rock  to  restore  the  measurement  between  the 
points  to  its  original  value,  provides  an  indication  of 
the  stress  formerly  existing  in  the  rock  and  the  modu- 
lus of  elasticity  of  the  rock.  By  orienting  the  planes  of 
these  slots  in  the  walls  and  ceilings  of  tunnels  or  adits, 
it  is  possible  to  determine  the  stresses  in  three  mutual- 
ly perpendicular  directions. 

The  bore  hole  method  of  stress  determination  was 
a  development  by  the  U.S.  Bureau  of  Mines  and,  in 
this  instance,  was  applied  to  the  work  on  this  facility 
jointly  by  the  Department  and  the  U.S.  Bureau  of 
Mines.  This  method  consists  of  drilling  an  XX  hole 
into  the  rock  and  inserting  a  sensitive  gauge  which, 
through  electrical  means,  senses  and  indicates  on  ex- 
ternal instruments  the  diameter  of  the  hole  and 
changes  inthe  diameter  of  the  hole  with  great  preci- 
sion. After  this  gauge  is  installed  in  the  3-inch  hole,  a 
6-inch  drill  is  brought  into  play  and  "overcores"  or 
cuts  an  annular  groove  concentricallv  around  the 
original  3-inch  hole  to  a  sufficient  depth  to  relieve  any 
stress  which  was  originally  acting  on  the  rock  at  the 
gauge  location.  With  the  restraint  of  the  outer  rock 
removed  by  the  overcoring,  the  bore  hole  gauge  in  the 
3-inch  hole  will  measure  rock  expansion  due  to  the 
removal  of  the  external  loading. 

The  modulus  of  elasticity  of  the  concentrically 
drilled  core  also  is  required.  It  is  determined  directly 
by  taking  a  section  of  the  core  and  placing  it  into  a 
testing  machine  in  the  laboratory  and  measuring  the 
deformation  under  a  known  externally  applied  load. 
Additional  computations  are  then  performed  to  deter- 
mine the  original  stress  in  the  rock  mass. 

All  three  methods  produced  reasonably  consistent 
results  and  indicated  a  stress  condition  in  the  rock 
mass  very  nearly  hydrostatic  i.e.,  equal  stresses  in  all 
three  directions  at  about  500  pounds  per  square  inch. 
The  modulus  of  deformation  of  the  rock  mass  was 
established  for  design  purposes  at  1.5  million  psi,  with 
indications  that  somewhat  higher  values  might  be  ex- 
pected in  areas  with  lesser  intensities  of  jointing. 

The  above  parameters  were  utilized  first  in  design 
studies  of  stress  concentrations  around  the  periphery 
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of  the  underground  chamber  and,  secondly,  in  predic- 
tions of  arch  and  wall  deformations  to  be  expected 
during  excavation  of  the  opening.  Analyses  in  two 
dimensions  were  made,  utilizing  both  the  convention- 
al elastic  models  of  an  elastic  plate  with  an  elliptical 
hole  approximating  the  machine  hall  opening,  and 
also  of  a  finite  element  mesh  which  more  precisely 
approximated  the  irregularities  of  the  opening.  In 
both  cases,  homogeneous  elastic  properties  were  em- 
ployed based  upon  the  results  of  the  above-described 
tests. 

The  finite  element  method  of  stress  analysis  was 
proposed  by  its  originator,  Dr.  R.  Clough  of  the  Uni- 
versity of  California,  at  about  the  same  time  that  de- 
sign work  was  being  undertaken  on  this  plant  and  was 
employed  extensively  therein.  An  opening  in  the  an- 
ticipated cross  section  of  the  powerhouse  chamber 
was  assumed  to  be  cut  in  the  rock  mass  which,  as  a 
whole,  was  subject  to  the  measured  stress  field  of  500 
psi  in  all  directions.  The  interior  boundary  of  the 
opening  was  unloaded  at  the  sides,  top,  and  bottom, 
while  the  known  loads  were  applied  to  suitably  distant 
boundaries  of  the  rock  mass  representation. 

Rock  Reinforcement.  Rock  reinforcement  con- 
sisted of  rock  bolts,  chain-link  fabric,  and  guniting  of 
the  entire  roof  and  a  portion  of  the  walls.  Since  the 
underground  chamber  represents  a  large  areal  extent 
of  excavation,  a  general  pattern  of  bolting  was  chosen 
for  rock  reinforcement.  In  addition,  specifications 
were  developed  to  state  that  rock  reinforcing  shown 
on  drawings  was  typical  only,  and  modifications  di- 
rected by  the  engineer  would  include  variations  in  the 
pattern,  spacing,  and  length  as  conditions  might  re- 
quire. This  decision  was  made  on  the  basis  of  geologic 
and  tectonic  conditions  as  well  as  direct  observation  of 
rock. 

Two  basic  patterns  of  bolting  were  designed  to 
strengthen  and  to  stabilize  the  rock:  (1)  the  power- 
house roof  was  bolted  with  20-foot-long,  1-inch-diame- 
ter,  high-strength  bolts  spaced  approximately  4  feet  on 
centers;  and  (2)  all  vertical  rock  faces,  except  those 
adjacent  to  benches  in  the  lower  levels  of  the  machine 
hall,  received  the  same  size  bolts,  except  that  the  spac- 
ing was  increased  to  approximately  6  feet  on  centers. 
Additional  bolts  were  used  at  the  junction  of  various 
tunnels  with  the  powerhouse  chamber  and  in  areas 
where  special  treatment  of  rock  was  required. 

Immediately  after  blasting,  the  bolts  were  installed 
as  close  to  the  working  face  as  possible.  Early  installa- 
tion of  rock  bolts  is  essential  to  enhance  the  safety  of 
rock  excavation  and  to  minimize  further  relaxation  of 
the  so-called  decompression  zone  at  the  excavated  sur- 
face. Bolts  were  anchored  in  place  by  an  expansion 
anchor,  tensioned  to  a  specified  stress,  packed  and 
sealed  at  the  rock  face,  and  finally  grouted. 

Grouting.  Results  of  a  series  of  tests  on  effects  of 
grouting  in  completed  projects  indicated  clearly  the 
importance  of  grouting  and  consolidating  the  rock. 
Ungrouted  fissured  rock  may  be  subject  to  yield  and 


deformations  that  may  be  undesirable.  In  general, 
tests  have  conclusively  proven  that  grouting  not  only 
closes  the  fissures  but  also  considerably  increases  the 
value  of  the  modulus  of  elasticity  and  the  structural 
integrity  of  the  rock.  This  is  synonymous  with  a  de- 
crease of  its  deformability  and,  consequently,  a  sub- 
stantial decrease  in  the  possibility  of  raveling. 

A  second  important  function  of  rock  grouting  is  the 
reduction  and  control  of  seepage  from  the  reservoir 
above  the  Powerplant.  The  rock  structure  with  tightly 
grouted  joints  reduces  the  inflow  of  water  to  quanti- 
ties that  are  readily  controlled  by  the  drainage  system. 

Envelope  grouting  from  the  powerhouse  excavation 
chamber  overlaps  the  grouting  from  the  tailrace  tun- 
nels. The  end  walls  of  the  chamber  are  protected  in  a 
similar  manner. 

Figure  66  shows  a  typical  cross  section  of  the  rock 
area  around  the  periphery  of  excavation  divided  into 
three  zones.  The  ungrouted  zone  extends  a  distance  of 
40  feet  from  the  excavated  face.  This  zone  was  not 
grouted  in  order  to  avoid  a  buildup  of  pressures  due 
to  the  grouting  itself  and  the  pressure  buildup  that 
would  occur  near  the  rock  surface  due  to  seeping  wa- 
ter. 

First-stage  grouting  began  at  a  depth  of  40  feet  and 
extended  to  a  depth  of  60  feet  with  pressures  up  to  100 
psi,  thus  providing  a  transition  to  the  high-pressure 
grout  zone.  The  high-pressure  zone  was  grouted  with 
pressures  up  to  300  psi  in  a  depth  interval  of  30  feet. 
It  constitutes  the  main  barrier  against  the  seeping  wa- 
ter. Thus,  the  water  pressure  will  be  exerted  at  a  con- 
siderable distance  from  the  actual  face  of  the 
excavation  where  increased  rock  stresses  will  be  safely 
distributed  by  the  rock  structure. 

Drainage  and  Seepage — Analog  Model  Studies. 
Electrical  analog  model  studies  were  conducted  to 
evaluate  the  probable  drainage  pattern  permitted  by 
the  rock  mass  permeability.  The  studies  demonstrated 
that  a  simple  grout  curtain  would  be  of  little  help  in 


Figure  66.     Zone  Grouting 
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attenuating  a  buildup  of  pressures  near  the  boundary 
of  the  opening,  but  a  combination  of  grouting  and 
drainage  of  the  rock  conducted  completely  around  the 
arch  and  walls  of  the  powerhouse  chamber  would  pro- 
duce satisfactory  results. 

Data  obtained  from  the  model  studies  did  not  neces- 
sarily permit  an  accurate  plotting  of  the  pressure  en- 
velope. However,  on  the  basis  of  the  results  obtained 
from  the  studies,  it  was  possible  to  establish  valid  and 
adequate  design  criteria. 

Drain  holes  were  drilled  in  the  rock  surrounding 
the  powerhouse,  draft  tubes,  diversion  tunnels,  and 
access  tunnel  after  envelope  consolidation  and  contact 
grouting  were  completed.  Provisions  were  made  for 
additional  future  drains  where  required.  The  mini- 
mum diameter  of  holes  was  specified  to  be  not  less 
than  that  produced  by  a  standard  NX  size  drill  bit. 
The  spacing  of  drain  holes  is  approximately  25  feet; 
their  length  varies  from  25  to  48  feet. 

The  water  from  the  roof  is  intercepted  by  the  sus- 
pended ceiling  and  drains  by  gravity  into  the  periph- 
eral gap  between  the  structure  and  the  rock.  The 
seepage  from  the  drain  holes  around  the  Powerplant 
is  collected  by  the  pipe  drainage  system  installed  be- 
low elevation  217  feet  and  flows  into  a  drainage  sump 
in  the  service  bay  area.  The  drainage  water  is  pumped 
into  the  tailrace  with  automatically  controlled  pumps. 

Structural  Behavior  Instrumentation.  Rock  de- 
formation meters,  joint  meters,  concrete  stress  meters, 
and  concrete  strain  meters  were  installed  to  observe 
and  record  the  structural  behavior  of  rock  and  con- 
crete (Figure  67).  In  addition,  pore  pressure  cells 
evaluate  residual  hydrostatic  pressure  between  the 
powerhouse  substructure  and  rock. 

Of  prime  interest  is  the  deformability  of  the  rock 
mass  immediately  after  blasting,  rock  behavior  due  to 
the  load  resulting  from  inundation  of  the  reservoir 
and,  finally,  changes  in  rock  stresses  during  the  useful 
operating  life  of  the  Powerplant. 

Presence  of  joints  in  rock  constitutes  the  most  sig- 
nificant difference  between  rock  in  situ  and  a  labora- 
tory specimen.  Jointed  rock  is  neither  homogeneous 
nor  isotropic;  therefore,  deformation  measurements 
in  situ  are  considered  to  be  most  significant  in  ascer- 
taining the  behavior  and  structural  integrity  of  rock. 

The  deformation  of  the  rock  arch  was  continuously 
monitored  during  its  excavation.  For  continuity,  two 
different  types  of  deformation  meters  were  employed 
in  two  stages. 

In  the  first  stage  of  monitoring,  approximately  40 
specially  designed  rock-bolt  deformation  meters  were 
installed.  The  meters  were  20  feet  long,  relatively  im- 
mune to  blast  damage,  and  monitored  manually  with 
a  laboratory-type  dial  gauge  reading  to  the  nearest 
0.001  inch.  The  specific  locations  for  these  meters 
were  selected  in  the  field  by  the  project  geologist. 
Greatest  concentration  of  meters  occurred  in  those 
areas  of  the  arch  which  first  emerged  and  were  accessi- 
ble during  construction.  These  manually  observed 


meters  were  abandoned  during  the  benching  phase  of 
machine  hall  excavation  when  they  became  unreach- 
able. 

The  second  phase  of  monitoring  deformation  re- 
quired the  use  of  remotely  interrogated  deformation 
meters  with  electrical  sensors.  These,  too,  were  spe- 
cially designed  with  the  objective  of  providing  perma- 
nent, or  at  least  long-period,  monitoring  of  the 
chamber.  They  were  40  feet  long  and  thus  capable  of 
registering  deformation  in  the  40-foot-thick  envelope 
of  rock  adjacent  to  the  chamber.  The  sensors  were 
responsive  to  the  nearest  0.0001  inch  of  movement. 

The  instruments  were  placed  in  various  orienta- 
tions at  the  centerline  of  each  generating  unit  and  in 
two  additional  sections  in  the  erection  bay  area.  Fifty- 
two  devices  were  installed  in  the  arch  of  the  chamber, 
and  32  more  were  installed  later  in  the  walls  when 
access  was  available  at  the  approximate  mid-elevation 
of  the^hamber  cross  section. 

Immediately  prior  to  the  benching  phase  of  excava- 
tion, and  with  the  entire  arch  opened  up  and  rein- 
forced, further  stress  measurements  were  made  along 
the  centerline  of  the  long  axis  of  the  chamber.  These 
tests  employed  the  bore  hole  stress  relief  procedures 
described  earlier.  They  were  performed  in  nine  verti- 
cal holes  ranging  from  8  to  11  feet  deep. 

These  were  dual-purpose  tests,  intended  first  to 
confirm  the  existence  of  the  predicted  design  com- 
pressive stress  components  in  the  tangential  direction 
across  the  arch  and,  secondly,  to  make  a  determination 
of  the  magnitude  of  the  stress  component  existing  par- 
allel to  the  long  axis  of  the  chamber,  a  component  not 
evaluated  by  the  two-dimensional  design  studies.  The 
tests  verified  that  the  longitudinal  component  of  arch 
stress  in  every  case  was  compressive  to  a  satisfactory 
degree. 

Construction  Crane.  Construction  crane  runways 
were  mounted  on  steel  girders  supported  by  steel  col- 
umns. Columns  and  girders  were  erected  immediately 
after  the  excavation  was  completed  in  order  to  make 
them  available  for  the  support  and  operation  of  two 
25-ton-capacity  construction  cranes.  The  lower  part  of 
the  VV16X45  (16WF45)  column  was  designed  to  carry 
the  construction  crane  load  only,  and  the  upper  por- 
tion, W2 1 X96,  was  designed  to  support  the  load  of  the 
two  permanent  cranes,  each  200-ton  capacity.  Both 
sections  were  eventually  embedded  in  concrete,  and 
that  portion  of  the  column  which  projected  above  the 
main  floor  at  elevation  252  feet  was  designed  as  a  com- 
posite section. 

During  the  construction  period,  columns  were 
braced  to  the  rock  to  obtain  a  desired  slenderness 
ratio.  Bracing  was  removed  after  concrete  had  been 
placed  around  the  columns.  The  crane  girders  are  sup- 
ported laterally  with  assemblies  consisting  of  1-inch- 
diameter,  stainless-steel,  grouted,  anchor  rods  and  3- 
inch-diameter,  extra-strong,  galvanized  pipe  spaced  at 
5  feet  on  centers. 

Structural  Design  and  General  Layout.     The  pow- 
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Figure  67.      Rock  Instrumentatio 
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erhouse  substructure  is  placed  directly  against  the 
rock.  The  problem  of  stability  was  eliminated  because 
the  substructure  is  well  keyed  into  the  rock,  and  the 
uplift  and  hydrostatic  pressures  are  alleviated  by  the 
drainage  system.  A  portion  of  the  substructure,  begin- 
ning at  elevation  217  feet,  is  separated  from  the  rock 
in  order  to  eliminate  undesired  effects  of  possible  rock 
squeeze  and  to  facilitate  free  drainage. 

Design  loads  for  various  floors  were  evaluated  on 
the  basis  of  the  size,  placement,  and  handling  of  major 
equipment  (Figure  68).  The  amount  of  reinforcing 
steel  was  determined  from  structural  computations  as 
well  as  from  the  requirements  for  shrinkage  and  volu- 
metric changes  of  concrete.  Control  of  shrinkage 
cracking  was  provided  by  the  carefully  planned  sys- 
tem of  the  construction  joints  and  the  limitation  of 
concrete  placement  temperature  to  as  near  50  degrees 
Fahrenheit  as  could  be  obtained  by  specified  means. 

Most  of  the  powerhouse  structure  designated  first- 
stage  concrete  and  delayed  first-stage  concrete  was 
completed  under  the  initial  contract.  A  relatively 
small  portion  of  concrete  designated  second-stage  con- 
crete, which  was  required  for  encasement  of  scroll 
case  and  supporting  of  the  generators  and  motor-gen- 
erators, was  placed  under  a  completion  contract. 

The  generators  and  motor-generators  are  set  in  a 
straight  line,  and  optimum  spacing  is  governed  by  the 
dimensions  of  major  equipment  and  minimum  struc- 
tural requirements.  The  powerhouse  is  divided  into 
seven  structural  bays  separated  by  contraction-expan- 
sion joints  above  elevation  2 1 7  feet.  The  main  units  are 
spaced  at  78  feet  on  centers,  longitudinally.  Rein- 
forced-concrete  vaults  house  the  power  transformers 
between  the  units. 

The  erection  bay  is  located  at  the  downstream  end 
of  the  plant  near  the  access  tunnel.  This  arrangement 
resulted  in  practical  and  more  effective  handling  of  all 
mechanical  and  electrical  equipment. 

First-stage  construction  included  the  substructure, 
main  floors,  and  walls,  thus  allowing  early  erection  of 
the  two  200-ton  bridge  cranes  for  installation  of  the 
main  equipment  as  well  as  for  the  future  operation 
and  maintenance  of  the  plant. 

The  powerhouse  structure  has  the  following  func- 
tional space  allocation:  generator  room,  switchgear 
gallery,  turbine  floor,  access  and  high-voltage  galler- 
ies, transformer  vaults,  valve  pits,  service  bay,  and 
space  for  general  station  operation  facilities.  The  con- 
trol building  is  located  near  the  toe  of  the  Dam  adja- 
cent to  the  switchyard.  Control  and  high-voltage 
cables  are  extended  to  the  control  building  and 
switchyard  in  galleries  traversing  the  powerhouse  and 
access  tunnel.  The  draft-tube  gates  are  operated  from 
the  machine  hall  through  gate  slots  at  the  downstream 
wall  of  the  plant. 

Steel  spiral  casings  are  fully  embedded  in  concrete. 
Ample  working  space  around  and  below  the  liner  was 
provided  in  the  first  stage  of  concrete  construction  to 


facilitate  its  erection,  welding,  field  testing,  and  place- 
ment of  reinforcing. 

Location  of  Transformers.  Underground  power- 
houses require  special  economic  studies  related  to  the 
problems  associated  with  the  electrical  installations. 
The  necessity  for  placing  the  switchyard  aboveground 
creates  a  situation  where  the  distance  between  the 
main  generator  and  the  switchyard  is  usually  much 
longer  as  compared  with  surface  power  plants.  This 
means  that  the  energy  must  be  transmitted  from  the 
generators  to  the  switchyard,  either  by  means  of  long 
high-voltage  cables  or  low-voltage  leads. 

In  Edward  Hyatt  Powerplant,  the  power  trans- 
formers were  placed  in  concrete  vaults  located  be- 
tween the  units.  High-voltage  cables  placed  in  an  8-  by 
8-foot  gallery  transmit  the  energy  to  the  switchyard. 
This  particular  arrangement  was  adopted  on  the  basis 
of  economics,  which  depends  basically  on  the  cost  of 
additional  underground  space  required  for  the  trans- 
formers and  high-voltage  cables  (including  the  cables 
themselves)  versus  the  cost  of  a  low-voltage  leads-type 
installation. 

The  main  control  room  is  in  the  control  building 
aboveground  at  the  switchyard,  and  the  control  cables 
extend  through  the  entire  length  of  the  access  tunnel 
to  the  Powerplant.  The  high-voltage-cable  tunnels 
that  contain  both  the  control  and  the  high-voltage  ca- 
bles are  described  later  in  this  chapter. 

Powerhouse  Access  and  Other  Required  Tunnels 

Powerhouse  Access  Tunnel.  The  powerhouse  ac- 
cess tunnel  provides  access  to  the  underground  ma- 
chine hall.  The  tunnel  is  approximately  1,510  feet  long 
on  an  upward  grade  of  approximately  6%  from  the 
powerhouse  generator  floor  (elevation  252  feet)  to  the 
tunnel  portal  (elevation  340  feet).  The  tunnel  is  con- 
crete-lined at  the  arch  and  walls,  and  the  invert  is 
paved  with  8  inches  of  concrete  over  a  layer  of  drain 
material.  In  addition  to  providing  access  to  the  ma- 
chine hall  during  construction  and  operation,  it  is  also 
a  passage  for  cables  from  the  units  to  the  switchyard. 
Concrete  for  tunnel  lining  was  designed  for  an  ulti- 
mate strength  of  5,000  psi  in  one  year.  The  one-year 
strength  was  specified  as  full  loads  were  not  carried  by 
the  lining  until  the  reservoir  was  filled.  Concrete  for 
cable  gallery  partitions  and  portal  structure  for  the 
access  tunnel  was  designed  for  ultimate  strength  of 
3,000  psi  in  28  days.  Reinforcement  steel,  Nos.  3 
through  11,  conforms  to  ASTM  Designation  A 15,  In- 
termediate Grade;  No.  14S  conforms  to  A408;  and  No. 
18S  conforms  to  A432. 

The  access  tunnel  finish  lines  were  required  to  con- 
tain two  cable  galleries,  approximately  8  feet  by  8  feet, 
and  the  largest  piece  of  powerhouse  equipment 
(transformer)  on  its  carrier.  A  25-foot  tunnel  width 
satisfied  this  criteria  by  leaving  an  access  passage 
width  of  approximately  16  feet  after  deducting  the 
room  required  for  the  cable  gallery  and  concrete  parti- 
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tion.  A  height  of  15  feet  -  4  inches  was  required  from 
the  floor  to  the  tunnel  springline  to  meet  the  above 
requirements.  This  size  allowed  two  lanes  of  traffic 
for  haulage  during  construction  of  the  plant  before 
the  concrete  lining  was  placed. 

For  approximately  140  feet  at  the  tunnel  portal, 
structural  steel  support  was  designated.  A  support 
system  using  W10X49  ribs  spaced  at  4  feet  resulted 
from  a  design  rock  load  equivalent  to  '/2  bore  width  in 
height.  The  remainder  of  the  tunnel  was  supported 
with  structural  steel  supports  or  rock  reinforcement. 

External  hydrostatic  pressures  on  the  lining  were 
assumed  to  be  much  lower  than  maximum  possible 
ground  water  pressure  as  portions  of  the  tunnel  are 
within  the  zone  of  influence  of  the  powerhouse  drain- 
age system  and,  as  described  later,  much  effort  was  put 
into  draining  water  outside  of  the  section.  The  tunnel 
lining  was  designed  for  an  external  head  of  90  feet 
(approximately  25%  of  ground  water)  around  the 
arch  and  varying  linearly  down  the  wall  from  90  feet 
at  the  springline  to  zero  at  the  invert.  Dead  load  of  the 
lining  and  partition  frame  loads  also  are  included  in 
the  analysis. 

As  the  access  tunnel  does  not  intersect  the  dam  cut- 
off curtain  and  the  rock  conditions  are  quite  good,  no 
consolidation  grouting  was  assumed  necessary.  Pipes 
were  placed  in  the  lining  at  the  soffit  of  the  tunnel  to 
contact  grout  the  voids  between  the  lining  and  rock. 
This  was  done  at  quite  low  pressures  (30  psi  max- 
imum) with  a  sanded  grout. 

To  minimize  external  hydrostatic  loading  on  the 
concrete  tunnel  lining,  an  elaborate  drainage  system 
was  incorporated  into  the  tunnel  section.  Twenty- 
five-foot-long  drain  holes  were  drilled  through  the  lin- 
ing into  the  rock  and  spaced  at  20  feet  longitudinally 
Two  were  placed  in  the  arch  and  two  in  the  straight 
wall  portion.  The  tunnel  invert  is  a  free-floating  con- 
crete slab  on  a  layer  of  graded  drain  material.  Perforat- 
ed concrete  pipes,  8  inches  in  diameter,  were  placed 
below  the  floor  at  each  side  of  the  section  to  convey 
drainage  to  the  "moat"  surrounding  the  powerhouse. 
A  small  gutter  with  holes  to  the  concrete  pipe  is  locat- 
ed on  the  left  side  of  the  section  to  allow  drainage 
water  from  inside  the  tunnel  to  escape.  In  an  effort  to 
keep  the  cable  galleries  as  dry  as  possible,  plastic  pipes 
were  placed  in  the  drain  holes  on  the  outside  wall 
which  convey  drainage  directly  to  the  invert  pipes. 

An  8-foot  by  8-foot  gallery  tunnel  at  floor  level 
houses  the  six  high-voltage  cables.  Above  this  gallery, 
a  partition  extends  to  the  tunnel  ceiling  providing  a 
gallery  for  the  control  cables.  The  high-voltage-cable 
gallery  begins  at  the  intersection  of  the  high-voltage- 
cable  tunnel,  approximately  500  feet  from  the  machine 
hall,  and  extends  to  the  switchyard. 

The  control-cable  gallery  was  excavated  beneath  the 
access  tunnel  floor  for  a  distance  of  100  feet  from  the 
powerhouse,  so  that  the  full  width  of  the  tunnel  adja- 
cent to  the  powerhouse  would  be  available  as  a  work- 
ing area.  At  this  point,  it  rises  vertically  and  enters  the 


access  tunnel  along  the  north  wall  at  a  sufficient 
height  to  clear  the  high-voltage-cable  gallery  intersec- 
tion. The  space  below  the  100-foot  portion  of  gallery 
between  the  vertical  rise  and  the  intersecting  high- 
voltage  gallery  was  enclosed  to  provide  storage. 

The  high-voltage-cable  gallery  wall  and  ceiling  are 
8-inch-thick  cast-in-place  partitions.  The  frame  is  at- 
tached to  the  tunnel  by  welding  studs  to  metal  inserts 
and  tying  the  partition  reinforcement  to  these.  The 
gallery  ceiling  is  supported  on  a  ledge  which  was  con- 
structed monolithically  with  the  tunnel  lining.  Load- 
ing on  the  partition  frame  includes  a  uniform  load  of 
200  pounds  per  square  foot  on  the  ceiling;  three  cables 
weighing  52  pounds  per  foot  are  cantilevered  from  the 
wall  as  dead  weight.  The  wall  connections  are  capable 
of  resisting  a  pull  of  one-tenth  the  partition  weight. 

The  control-cable  gallery  is  enclosed  by  8-inch- 
thick  precast  panels  between  the  frame,  described 
previously,  and  the  tunnel  ceiling.  Metal  inserts  are 
provided  for  connection  of  the  panels.  These  connec- 
tions are  capable  of  resisting  a  lateral  force  of  one- 
tenth  the  panel  weight. 

The  panels  are  loaded  with  six  cable  trays,  weighing 
35  pounds  per  foot,  cantilevered  from  the  lower  half. 
Bending  due  to  lifting  also  was  considered. 

High-Voltage-Cable  Tunnel.  The  high-voltage- 
cable  tunnel  connects  the  cable  gallery  in  the  power- 
house with  the  access  tunnel  gallery.  The  tunnel 
leaves  the  southwest  corner  of  the  powerhouse  ( invert 
elevation  217  feet)  on  an  incline,  parallels  the  access 
tunnel,  and  connects  to  the  access  tunnel  at  floor  level. 

To  maintain  the  cable  tunnel  as  drv  as  possible,  a 
concrete  tunnel  lining  was  placed,  and  a  rubber  water- 
stop  was  used  at  the  junction  of  the  powerhouse  struc- 
ture and  the  lining. 

The  high-voltage-cable  tunnel  excavation  was  en- 
larged by  the  contractor  to  permit  hauling  excavated 
materials  from  lower  levels  of  the  powerhouse  result- 
ing in  a  larger  opening  than  the  minimum  required. 
A  minimum  concrete  lining  was  added  to  carry  the 
design  loads  adequately.  In  an  effort  to  keep  the  tun- 
nel as  dry  as  possible,  no  drain  holes  were  drilled 
through  the  tunnel  lining  for  hydrostatic  pressure  re- 
lief. The  tunnel  is  downstream  of  the  dam  grout  cur- 
tain and  partly  within  the  zone  of  influence  of  the 
powerplant  drainage  system  and  is  affected  by  drain- 
age in  the  access  tunnel.  Thus,  a  reduced  external 
hydrostatic  head  was  assumed.  A  design  head  equal  to 
50%  of  the  distance  to  ground  surface  was  used  in 
design. 

For  estimating  purposes,  a  support  capable  of  hold- 
ing a  rock  load  equal  to  one-half  the  bore  width  in 
height  was  used.  This  resulted  in  a  6-inch-deep  beam 
spaced  on  4-foot  centers.  Rock  in  the  vicinity  of  the 
tunnel  was  of  good  quality  and  structural  steel  sup- 
port was  not  required.  Rock  bolts  and  wire  mesh  were 
sufficient  to  reinforce  the  rock  arch  and  take  care  of 
small  fallouts. 

Contact  grouting  at  the  crown  filled  all  voids  be- 
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tween  the  lining  and  the  rock.  A  sanded  grout  was 
used  for  this  purpose. 

Emergency  Exit  Tunnel.  The  emergency  exit 
tunnel  connects  the  river  outlet  access  tunnel  with  the 
grout  gallery  under  the  Dam.  It  provides  a  means  of 
escape  from  the  powerhouse  in  addition  to  the  power- 
house access  tunnel.  It  also  provides  convenient  access 
to  and  escape  from  the  core  block.  The  tunnel  is  an 
8-foot-diameter,  concrete-lined,  circular  section.  The 
invert  has  a  6-inch-thick,  flat,  concrete  walkway.  The 
floor  is  roughened  to  provide  a  nonskid  surface. 

The  tunnel  passes  over  Diversion  Tunnel  No.  2  and 
the  valve  air  supply  tunnel.  An  18-inch-diameter,  ver- 
tical, drain  hole  is  provided  from  the  emergency  exit 
tunnel  to  the  air  supply  tunnel.  This  drains  leakage 
into  the  tunnel  and  is  an  additional  means  of  draining 
the  core  block  by  pumping  water  up  to  the  grout 
gallery  intersection. 

Concrete  for  tunnel  lining  was  specified  to  attain  an 
ultimate  strength  of  4,000  psi  in  28  days.  Reinforce- 
ment steel  conforms  to  ASTM  Designation  A 15,  In- 
termediate Grade. 

As  the  tunnel  is  in  good  rock,  only  minimum  rock 
support  with  rock  bolts  was  required. 

The  1-foot-thick  concrete  tunnel  lining  is  capable  of 
resisting  the  external  hydrostatic  head  of  the  full  res- 
ervoir while  providing  sufficient  room  for  convenient 
placement  of  concrete.  Nominal  steel  reinforcement 
was  used  on  the  inside  surface  to  preclude  excessive 
cracking. 

River  Outlet  Access  Tunnel.  The  river  outlet  ac- 
cess tunnel  connects  the  valve  chamber  in  Diversion 
Tunnel  No.  2  with  the  northern  end  of  the  power- 
plant  machine  hall.  As  described  above,  this  tunnel 
serves  as  a  portion  of  the  access  route  between  the 
powerhouse  and  grout  gallery.  This  is  described  in 
Volume  III  of  this  bulletin. 

Control  Building,  Switchyard,  and  Appurtenances 

The  main  control  building  and  switchyard  are 
located  aboveground  near  the  entrance  to  the  access 
tunnel  at  the  downstream  toe  of  the  Dam.  This  loca- 
tion was  selected  to  keep  the  high-voltage  cables  and 
tunnels  as  short  as  possible. 

Control  Building.  This  facility,  the  Oroville  Area 
Control  Center,  is  the  primary  operating  and  dis- 
patching center  for  both  Edward  Hyatt  and  Ther- 
malito  Powerplants  and  for  all  the  hydraulic 
appurtenances  in  the  Oroville  project  area. 

This  building  is  a  one-story  reinforced-concrete 
structure  with  basement.  The  basement  is  the  cable- 
spreading  area  and  provides  entry  to  the  high-voltage 
and  control-cable  tunnel.  The  first  story  is  the  main 
floor  and  contains  the  control  room  and  a  visitors  area. 
The  visitors  area  is  separated  from  the  control  room 
by  a  glass  partition  to  allow  public  viewing  of  the 
operations. 

High-Voltage  and  Control-Cable  Tunnel.  The 
high-voltage  and  control-cable  gallery  in  the  access 


tunnel  extends  beyond  the  powerhouse  access  tunnel 
as  a  double-barreled,  reinforced-concrete,  cut-and- 
cover  tunnel  that  enters  the  basement  of  the  control 
building  in  the  vicinity  of  the  cable-spreading  area. 
The  cut-and-cover  tunnel  also  extends  from  the  con- 
trol building  along  the  centerline  of  switchyard  and 
serves  as  the  foundation  for  the  takeoff  towers,  light- 
ning arrestor  supports,  and  pothead  supports. 

Special  precautions  were  taken  to  eliminate  the  pos- 
sibility of  induced  current  heating  the  reinforcing 
bars  in  the  vicinity  of  the  pothead  supports  and  crack- 
ing the  slab.  Waterstops  were  provided  at  all  trans- 
verse expansion  and  construction  joints  to  waterproof 
the  tunnel.  Also,  polyvinylchloride  sheeting  was 
bonded  to  the  exterior  face  of  the  tunnel  walls  and  to 
the  top  slab  wherever  they  were  below  grade. 

Switchyard.  The  switchyard  is  located  approxi- 
mately 1,500  feet  southwest  of  the  underground  pow- 
erhouse at  elevation  350  feet.  The  takeoff  towers  and 
supports  were  designed  as  dead-end  towers  (combina- 
tion of  broken  wire  and  intact  assumptions).  Live 
loads  are  a  horizontal  tension  of  6,200  pounds  and 
vertical  force  of  800  pounds.  Takeoff  towers  were  con- 
structed of  20-  by  20-  by  %-inch  structural  steel  plates. 
The  structural  supports  were  spaced  in  accordance 
with  electrical  safety  requirements. 

The  emergency  generator  vault  for  a  500-kW,  emer- 
gency, engine-generator  set  was  constructed  of  rein- 
forced concrete.  The  electrical  equipment  foun- 
dations include  both  the  spread  footing  and  the  drilled 
cast-in-place  types  of  footings.  In  addition,  some  foun- 
dations were  anchored  to  rock  where  feasible.  All  cast- 
in-place-type  footings  were  designed  for  a  maximum 
toe  pressure  of  4,000  psi  and  a  factor  of  safety  of  1.5. 

To  ensure  a  lesser  portion  of  any  precipitation  infil- 
trating the  soil,  all  compacted  backfill  was  capped 
with  an  impervious  layer  of  backfill.  To  handle  the 
water  that  does  infiltrate  the  soil,  underdrains  are  pro- 
vided around  the  high-voltage  and  control-cable  tun- 
nel and  the  emergency  generator  vault. 

Mechanical  Features 
General 

The  mechanical  installation  includes  three  turbines 
and  three  pump-turbines,  turbine  shutoff  valves,  gov- 
ernors, cranes,  plant  auxiliaries,  and  intake  equip- 
ment. 

Chapter  I  of  this  volume  contains  information  on 
the  mechanical  equipment  and  systems  for  the  Power- 
plant  which  are  common  to  other  plants  in  the  State 
Water  Project.  Information  and  descriptions  which 
are  unique  to  this  plant  are  included  in  the  following 
sections. 

Plant  Capacity  and  Operating  Conditions.  Plant 
capacity  in  terms  of  dependable  power  was  estab- 
lished following  a  series  of  operational  studies  of  Lake 
Oroville  and  the  Hyatt-Thermalito  power  features 
(Figure  59).  Basically,  power  development  was  inte- 
grated with  the  multipurpose  function  of  the  reser- 


84 


voir,  meeting  the  requirements  for  flood  control, 
downstream  flow,  water  demands,  fish  preservation, 
and  recreation. 

After  investigation  of  the  economics,  reliability  of 
operation,  flexibilty,  and  performance  of  the  units,  the 
dependable  capacity  for  Edward  Hyatt  Powerplant 
was  established  initially  at  600  megawatts  (MW)  with 
Lake  Oroville  theoretically  drawn  down  to  a  mini- 
mum power  pool  of  approximately  1.5  million  acre- 
feet.  Plant  capacity  above  minimum  power  pool  was 
dependent  upon  the  available  head  but  was  normally 
limited  by  the  ratings  of  the  electrical  machines  or  to 
115%  of  nameplate  capacity  under  certain  conditions. 

Total  pumping  capacity  was  based  on  providing 
pumpback  during  off-peak  hours  to  provide  sufficient 
water  to  generate  during  on-peak  hours  at  not  less 
than  34%  capacity  factor  to  meet  the  anticipated  load 
requirements.  Off-peak  hours  were  in  accordance 
with  a  coordinated  schedule  agreed  upon  with  the 
utility  companies. 

In  1963,  continuing  studies  were  performed  to  opti- 
mize the  dependable  capacity  of  Edward  Hyatt  and 
Thermalito  Powerplants  without  overloading  or 
changing  design.  The  previously  determined  depend- 
able capacity  of  685  MW  was  based  on  the  sum  of  the 
individual  capacities  of  the  two  plants  (Hyatt  and 
Thermalito)  as  separate  entities.  Since  Hyatt  has  the 
ability  to  produce  more  than  600  MW  under  condi- 
tions which  limit  Thermalito  to  its  dependable  capaci- 
ty and,  conversely,  Thermalito  capacity  can  be 
increased  under  conditions  which  limit  Hyatt  to  600 
MW,  the  combined  output  of  the  two  plants  is  always 
greater  than  the  sum  of  the  individual  minimums.  As 
a  result,  the  combined  dependable  capacity  was  estab- 
lished at  725  MW  at  a  capacity  factor  of  34%  and  the 
power  was  marketed  as  if  from  a  single  plant.  This  is 
discussed  in  Volume  I  of  this  bulletin. 

Selection  of  Units.  As  a  result  of  the  water  studies 
and  based  on  the  poorest  series  of  water  years  of 
record,  1928  through  1934,  it  was  apparent  that,  with 
the  available  off-peak  hours,  an  approximate  pump- 
back  capacity  of  5,600  cubic  feet  per  second  (cfs) 
would  be  required  at  Hyatt  to  maintain  the  dependa- 
ble capacity.  The  units  would  operate  through  a  head 
range  of  500  to  660  feet,  which  represented  the  full 
pumped-storage  operating  range  of  the  reservoir.  To 
keep  the  physical  size  of  the  units  within  reasonable 
limits,  in  accordance  with  manufacturing  capabilities 
and  the  designs  developed  at  that  time,  three  pump- 
turbine  units  were  chosen  to  fulfill  the  pumping  cycle 
requirements. 

Once  the  pumping  requirement  was  established  and 
it  was  determined  that  each  pump-turbine  unit  would 
have  a  generating  capability  of  120,000  horsepower 
(hp)  at  minimum  power  pool,  three  turbines  were 
selected  to  complement  the  pump-turbines  and  pro- 
vide the  required  plant  capacity.  This  selection  pro- 
vided a  very  close  match  in  physical  size  with  the 
pump-turbines,  allowed  construction  of  uniform  bays 


in  the  plant,  and  permitted  selection  of  shutoff  valves 
of  common  size.  To  further  simplify  powerplant  de- 
sign, a  common  setting  for  all  units  at  elevation  205 
feet  was  specified  providing  a  minimum  submergence 
of  19  feet  at  the  centerline  of  the  distributor. 

Hydraulic  Transients 

Conduits  and  Waterways.  Plant  facilities  include 
two  intake  structures  with  water-temperature  control 
shutters,  two  22-foot-diameter  penstocks,  and  a  tail- 
race  system  consisting  of  two  35-foot-diameter  tunnels 
approximately  2,000  feet  long  (Figures  69  and  70). 

The  tailrace  is  a  modification  of  the  two  Oroville 
Dam  diversion  tunnels  formed  by  interconnecting  the 
tunnels  with  the  draft  tubes  and  plugging  the  tunnels 
upstream  of  the  units.  Tunnnel  No.  1,  which  has  an 
inclined  upstream  section,  is  below  tailwater  elevation 
for  most  of  its  length  and  operates  as  a  pressure  con- 
duit. Tailrace  Tunnel  No.  2  flows  a  little  over  half  full 
at  a  normal  tailwater  elevation  of  approximately-  226 
feet.  At  the  upstream  end  of  Tunnel  No.  1,  near  the 
tunnel  plug,  there  is  a  free  surface  interconnected 
with  Tunnel  No.  2  by  an  equalizing  air  vent.  The 
tunnel  volume  above  this  free  surface  and  the  up- 
stream portion  of  Tunnel  No.  2  acts  as  a  surge  cham- 
ber for  pressure  flow  in  Tunnel  No.  1  and  provides 
necessary  storage  volume  during  load  fluctuations. 

Design  Criteria.  Hydraulic  transient  criteria 
were: 

1 .  Simultaneous  rejection  of  1 1 5%  of  rated  gener- 
ating load  of  all  six  units  at  maximum  head  of  675 
feet. 

2.  Simultaneous  rejection  of  rated  load  of  all  six 
units  at  a  head  of  500  feet. 

3.  Power  failure  at  any  pumping  capacity  with 
the  governors  inoperative. 

4.  Load  acceptance  at  rate  of  100  MW/minute. 

5.  Speed  rise  limited  to  approximately  45%. 

Penstocks  and  Intakes.  The  penstocks  were  de- 
signed for  the  maximum  static  head  plus  a  water-ham- 
mer pressure  of  30%.  Design  computations  indicated 
that  the  maximum  transient  pressure  under  the  above 
critical  conditions  would  not  exceed  25%.  Calcula- 
tions were  based  on  a  governor  time  of  7  seconds  for 
the  turbines  and  20  seconds  for  the  pump-turbines 
with  an  expected  maximum  speed  rise  of  45%  for  the 
turbines  and  pump-turbines. 

With  temperature  control  shutters  installed,  the  in- 
take structures  (Figure  64)  act  as  an  extension  of  the 
penstocks  and  are,  therefore,  subject  to  similar  over- 
pressures and  underpressures  during  hydraulic  tran- 
sients. Studies  included  determination  of  the  required 
relief  areas  to  reduce  the  loads  on  the  shutters  during 
load  acceptance  and  rejection. 

Computations  for  water  hammer  were  performed 
by  the  graphical  method  developed  by  Schnyder  and 
Bergeron,  as  well  as  by  the  method  of  arithmetic  inte- 
gration. Because  at  the  time  of  design  the  reversible 
pump-turbine  was  just  being  introduced  into  the  hy- 
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Figure   69.      Powerplant — Cutaway  View 
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Figure  70.      Powerplant  and  Waterways 
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droelectric  field,  complete  characteristic  (quadrant) 
curves  were  scarce  for  units  similar  to  those  planned 
for  Hyatt;  it  was  therefore  necessary  to  synthesize 
some  basic  data  by  similitude  relationships  from  tur- 
bines and  pumps  of  appropriate  specific  speeds. 

Tailrace.  The  tailrace  system  was  designed  to  ac- 
cept the  hydraulic  transients  associated  with  total 
plant  load  rejection  at  115%  generator  capacity  and 
power  failure  with  maximum  pump  capacity.  Eco- 
nomics limited  the  size  of  tunnels  and  thereby  the  load 
acceptance  rate  to  approximately  100  MW/minute. 
The  flow  wave  associated  with  the  most  rapid  and 
simultaneous  load  acceptance  of  the  six  units  would 
cause  the  tailrace  to  top  out  imposing  excessively  high 
shock  pressures  on  the  downstream  side  of  the  units. 
Consequently,  special  interlocks  were  provided  to 
limit  the  rate  of  load  acceptance. 

Transient  phenomena  produced  by  rapid  load 
changes  involved  problems  of  both  mass  oscillation 
and  free  surface  wave  propagation.  Although  investi- 
gation indicated  no  problem  in  controlling  the  magni- 
tude of  downsurge  following  load  rejection,  there  was 
concern  about  a  possible  in  phase  return  of  the  mass 
surge  in  Tunnel  No.  1  with  an  advancing  surface  wave 
in  the  open  channel  of  Tunnel  No.  2.  Superposition  of 
these  phenomena  could  cause  Tunnel  No.  2  to  top  out 
and,  similar  to  the  case  of  a  too  rapid  load  acceptance, 
produce  a  pressure  rise  that  would  be  transmitted  di- 
rectly to  the  units.  Because  of  the  destructive  potential 
of  such  a  shock  wave,  provision  against  its  occurrence 
had  to  be  assured. 

The  design  was  subjected  to  exacting  analytical 
studies.  Since  none  of  the  existing  methods  of  solution 
for  translatory  waves  in  open  channel  was  applicable 
to  the  complex  tailrace  problem,  a  technique  was  de- 
vised by  combining  the  graphical  procedure  devel- 
oped by  Professor  A.  K.  Schoklitsch  for  mass  surge 
with  the  numerical  computation  method  of  R.  D. 
Johnson  for  wave  propagation.  The  analytical  results 
proved  the  system  design  conservative.  Subsequent 
model  studies  performed  under  contract  at  the 
laboratories  of  the  U.S.  Bureau  of  Reclamation  in 
Denver  further  established  the  validity  and  conserva- 
tism of  the  analysis. 

Hydraulic  Transient  Tests.  Field  tests  to  verify 
that  the  system  operated  as  designed  were  performed 
successfully  in  June  1969.  A  load  rejection  of  768  MW 
(approximately  15,200  cfs)  under  a  static  head  of  673 
feet  produced  a  penstock  pressure  rise  of  23%  above 
static  head;  conversely,  power  failure  simulation  of 
241  MW  during  pumping  (approximately  2,550  cfs) 
produced  a  maximum  penstock  pressure  drop  of  18%. 
The  maximum  speed  rise  upon  full  load  rejection  in 
the  generating  mode  was  41%  and  42%  for  the  tur- 
bines and  the  pump-turbines,  respectively.  All  equip- 
ment and  all  hydraulic  features  functioned 
satisfactorily  when  subjected  to  the  most  adverse 
emergency  conditions  in  either  mode  of  operation. 


Equipment  Ratings 

lurbines  (Units  Nos.  1.  5,  and  5) 

Manufacturer:  Allis-Chalmers 

Manufacturing  Company 
Type:  Francis 

Horsepower,  each:  161,000  @  500  feet 

Head  (weighted 

average):  615  feet 

Speed:  200  rpm 

Manufacturer's  Guar- 
anteed Efficiency:        94%  w/ 161,000  hp  @  615  feet 
Pump-Turbines  (Units  Nos   2,  4,  and  6) 
Manufacturer:  Allis-Chalmers 

Manufacturing  Company 
Type:  Modified  Francis 

Horsepower,  each:  120,000  hp  @  500  feet 

Turbine  Mode        Pump  Mode 

Discharge,  each:  1,870  cfs 

Head  (weighted 

average):  615  feet  592  feet 

(rated) 
Speed:  189.5  rpm  189.5  rpm 

Manufacturer's  Guar- 
anteed Efficiency:        91.6%  w<  120,000    92.4%  w/ 1,870 
hp  @  615  feet  cfs  @  592  feet 

I  alves 

Manufacturer:  Baldwin-Lima-Hamilton 

Corporation. 
Spherical,  double-seated 
1 14  inches 
400  psi    . 
4  minutes 

1,000  psi 

Baldwin-Lima-Hamilton 

Corporation. 
Cabinet-actuator 
350  psi 
385,000  ft-lbs 

9  sec/3  sec.  cushion 
22  sec/3  sec.  cushion 

Star  Iron  and  Steel  Company. 

Tacoma,  Washington 
200-ton,  powerhouse,  bridge-crane 


Type: 
Size: 

Design  Pressure: 
Operating  Time: 
Hydraulic  System 
Pressure: 
Governors 

Manufacturer: 

Type: 

System  Pressure: 
Servo  Capacity 
Full  Gate  Stroke 
Turbine: 
Pump-Turbine: 
Cranes 

Manufacturer: 


Type: 

Rated  capacity,  each 

tons:  200 

Rated  capacity  of  each 

of  4  main  hoists,  tons:  100 

Rated  capacity  of  each 

of  4  auxiliary  hoists, 

tons:  20 

Span:  64  feet  -  6  inches 

Turbines  and  Pump-Turbines 

Three  turbines  and  three  pump-turbines  were  in- 
stalled in  the  underground  plant.  The  turbines  are  the 
vertical-shaft  Francis  type  and  are  directly  connected 
to  synchronous  generators  operating  at  200  rpm.  The 
pump-turbines  are  the  vertical-shaft  modified-Francis 
type  and  are  directly  connected  to  motor  generators 
operating  at  189.5  rpm  (Figure  71). 

The  runners  have  stainless-steel  overlay  for  protec- 
tion against  cavitation  and  were  designed  to  allow 
removal  through  the  generator  and  motor-generator 
stators  by  the  powerhouse  crane. 
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Figure  71.     Turbine  Pit 


The  pumping  units  are  started  with  the  water  de- 
pressed below  the  runner.  Both  turbines  and  pump- 
turbines  can  be  utilized  to  allow  the  electrical  ma- 
chines to  operate  as  synchronous  condensers. 

Major  Design  Modifications  (Turbines  and  Pump- 
Turbines) 

Headcover  Design.  During  the  Department's  re- 
view of  the  manufacturer's  design  of  the  pump-tur- 
bines, reports  from  other  projects  were  received 
indicating  serious  problems  with  the  headcovers  of 
similarly  sized  units.  Some  headcovers  had  deflected 
excessively,  causing  binding  of  the  wicket-gate  stems. 
These  difficulties  could  be  even  more  pronounced  in 
the  Hyatt  units  due  to  the  specified  requirement  that 
the  headcovers  be  divided  into  inner  and  outer  sec- 
tions to  permit  removal  of  the  runner  through  the 
motor-generator  stator  bore  without  disassembly  of 
the  wicket  gates. 

At  the  time  of  the  review,  there  were  two  generally 
accepted  techniques  available  for  the  stress  and  deflec- 
tion analysis  of  headcovers.  These  were  ( 1 )  the  Ruud 
method  developed  at  the  U.S.  Bureau  of  Reclamation 
in  Denver,  and  (2)  the  Kovalev  method  of  the  Lenin- 
grad Metallurgical  and  Machinebuilding  Works.  Both 
methods  idealize  a  headcover  as  a  torus  consisting  of 
the  ring  sections  only.  The  interconnecting  ribs  are 
assumed  to  be  sufficiently  rigid  to  constrain  the  struc- 
ture cross  section  to  twist  through  a  uniform  angle 
about  the  centroid  of  the  ring  sections.  These  methods 
were  utilized  in  the  Department's  initial  review  of  the 
manufacturer's  proposed  design. 

Shortly  thereafter,  a  new  analysis  tool  developed  by 
Dr.  Clough  of  the  University  of  California  and  used 
extensively  in  the  design  of  the  powerhouse  rock  exca- 
vation became  available.  This  new  computerized  Fi- 


nite Element  technique  was  subsequently  modified 
for  the  analysis  of  headcover-type  structures.  In  the 
Finite  Element  idealization,  the  headcover  cross  sec- 
tion is  represented  as  an  assemblage  of  discrete  ele- 
ments interconnected  at  corner  nodal  points.  This 
provides  a  more  realistic  representation  of  the  struc- 
ture stiffness  than  that  obtained  in  the  Ruud  or  Kova- 
lev methods. 

The  first  Finite  Element  analysis  of  the  proposed 
headcover  design  revealed  areas  of  excessive  stress  and 
deflection  considerably  different  from  the  Ruud  and 
Kovalev  results.  With  the  concurrence  of  the  manufac- 
turer, this  new  method  was  then  used  to  determine  the 
size  and  location  of  additional  structural  material 
needed  to  bring  the  stresses  and  deflections  within 
allowable  limits. 

Stress  and  deflection  measurements  made  in  field 
tests  on  an  operating  pump-turbine  substantiated  pre- 
dictions made  in  the  computerized  analysis.  Follow- 
ing these  pioneering  efforts,  the  basic  method  was 
adopted  in  the  United  States  and  elsewhere  by  leading 
manufacturers  of  hydraulic  turbines  and  pump-tur- 
bines. 

Runner  Uplift  and  Downthrust.  During  the  de- 
sign and  fabrication  of  the  Hyatt  pump-turbines,  ex- 
perience during  start-up  with  similar-type  units  at 
other  installations  indicated  that  excessive  uplift  and 
downthrust  forces  on  the  runner  could  occur  under 
certain  operating  conditions.  To  prevent  this,  the 
pump-turbines  were  modified  to  balance  the  pressures 
on  the  top  and  bottom  of  the  runner  by  the  use  of  a 
12-inch  equalizing  pipe  connecting  the  top  and  bot- 
tom chambers.  No  excessive  uplift  or  downthrust  has 
been  detected  since  the  units  have  been  in  operation. 

Wicket-Gate  Restraining  Mechanism.  The  ac- 
cepted practice  in  the  design  of  turbine  gates  and  gate 
mechanisms  provides  a  shear  pin  to  release  individual 
wicket  gates  in  the  event  of  jamming.  At  several  instal- 
lations, severe  damage  had  occurred  due  to  violent 
oscillations  and  subsequent  cascading  failure  of  the 
wicket  gates  after  shearing  of  one  or  more  wicket-gate 
pins.  To  prevent  this  problem,  gate  restraining  mech- 
anisms were  provided  for  all  units.  These  mechanisms 
consist  of  a  series  of  Belleville  springs  mounted  on  the 
wicket-gate  levers  to  provide  a  controlled  frictional 
restraining  action  after  shearing  of  the  pin.  Proper 
design  and  accurate  adjustment  of  the  restraining  de- 
vice were  required  for  reliable  operation. 

Runner  Imbalance.  The  size  of  the  pump-turbine 
runners  required  a  two-piece  design  for  shipping  and 
handling  (Figure  72).  To  reduce  the  turbulence  that 
would  be  created  by  the  protruding  flanges,  the  space 
between  the  flanges  was  shrouded  with  steel  fairing 
plates.  After  several  months  of  operation,  Unit  No.  4 
developed  excessive  runout  due  to  imbalance  caused 
by  water  leaking  into  some  of  these  cavities.  A  short 
time  later,  Unit  No.  2  developed  a  similar  imbalance. 
Several  methods  were  tried  by  the  manufacturer  to 
balance  the  runners  in  place  without  complete  sue- 


cess.  The  final  solution  that  evolved  required  drilling 
openings  to  all  cavities  so  that  water  could  enter  freely 
and  equally  around  the  runner.  This  has  proven  to  be 
a  satisfactory  solution. 

Turbine  Shutoff  Valves 

Each  unit  is  provided  with  a  114-inch  shutoff  valve 
(Figure  73).  They  are  spherical-type,  double-seated, 
hydraulic  cylinder-operated  and  were  designed  to  sus- 
tain the  maximum  transient  pressure  without  exceed- 
ing allowable  design  stresses.  The  valves  have  a 
1,000-psi  electrohydraulic  actuating  and  control  sys- 
tem. Each  seat  is  separately'  controlled  and  operated 
by  water  from  the  pressure  side  of  the  valve  (Figure 
74).  The  valve  and  controls  are  designed  for  normal 
opening  and  closing  and  for  emergency  closure  under 
full  head  (Figures  75  and  76). 

During  the  early  design  stage,  the  Department 
recognized  that  special  precautions  against  flooding 
would  have  to  be  incorporated  in  the  design  of  this 
major  underground  plant.  The  state-of-the-art  design 
precedent  did  not  provide  adequate  safeguards,  there- 
by leading  the  Department  to  design  an  appropriate 
operating  system  with  as  many  fail-safe  features  as 
practicable.  This  special  design  included  an  automatic 
sequencing  unit  with  feedback  and  interlock  features 
to  avoid  operator  error.  Numerous  provisions  and 
back-up  devices  were  installed  to  prevent  accidental 
opening  of  the  valve  seats  during  the  construction 
period  and  periods  of  maintenance  when  the  down- 
stream mandoor  could  be  open.  The  more  important 
of  these  provisions  included: 

1.  Positive  mechanical  locks  provided  on  all  criti- 
cal control  valves. 

2.  Redundant,     totally     independent,     pressure 
sources. 

3.  Pistons  on  the  hydraulically  actuated  control 
valves,  unbalanced  to  fail-safe. 

4.  Special  removable  safetv  loops  in  the  control 
lines. 


Figure  74.      Spherical  Volve — Angle  View 


Figure  75.     Spherical  Valve  Control  Cab 
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Governors 

Each  unit  has  an  electrohydraulic,  oil-pressure, 
cabinet-actuator-type  governor  designed  for  speed 
regulation  and  control  of  turbines  and  pump-turbines 
(Figures  77  and  78).  They  are  provided  with  an  elec- 
trically driven  speed  responsive  element  directly  con- 
nected to  the  pilot  valve  for  actuation  of  the  main 
oil-distributing  valve. 

The  governors  on  Units  Nos.  1,  3,  and  5  are 
equipped  with  a  third,  reduced-frequency,  shutdown 
solenoid  for  starting  the  motor-generators  in  the 
pumping  mode.  Also,  the  permanent  magnet  genera- 
tors have  two  fields  (one  for  60-hertz  operation  and 
the  other  for  30-hertz)  to  permit  governor  control  at 
either  of  these  frequencies. 

Equipment  Handling — Cranes 

The  plant  has  two  200-ton  bridge  cranes  for  installa- 
tion and  maintenance  of  plant  equipment  (Figure  79) . 
The  two  cranes  are  identical  except  for  a  draft-tube 
gate  hoist  monorail.  Each  crane  has  two  trolleys  with 
a  100-ton  main  hoist  and  a  20-ton  auxiliary  hoist  on 
each  trolley.  They  are  used  for  installation  and  main- 
tenance of  generators,  motor-generators,  turbines, 
pump-turbines,  penstock  valves,  transformers,  and 
miscellaneous  powerplant  equipment.  Both  cranes  op- 
erate on  the  same  runway. 


Figure  78.     Governor  Pumps  and  Oil  Tank 


Figure  79.     Powerhouse  Bridge  Crane 
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The  cranes  can  be  operated  individually  or  can  be 
mechanically  and  electrically  interlocked  for  dual  op- 
eration, as  required,  for  lifting  the  spherical  valves,  the 
turbine  and  pump-turbine  runners  and  headcovers, 
transformers,  and  the  387-ton  generator  rotors.  Dur- 
ing this  latter  operation,  the  cranes  are  linked  together 
to  ensure  complete  unity  of  movement. 

A  monorail  support  frame  for  the  draft-tube  gate 
hoist  is  bolted  to  the  right-hand  girder  of  one  crane. 
A  matching  fixed  monorail  at  each  gate  permits  a  sin- 
gle hoist  to  place  or  retrieve  all  draft-tube  gates. 

Space  limitations  in  the  underground  powerhouse 
dictated  the  need  for  special  handling  devices  to  per- 
mit installation  of  the  major  equipment  components. 
Accordingly,  manufacturers  of  this  equipment  fur- 
nished the  associated  lifting  devices  for  handling  their 
equipment. 

Capacities,  travel,  and  speeds  are  as  follows: 


Rated 

Nominal 

Capacity 

Speed 

Travel 

Main  Hoist 

100  tons 

4  feet  per 
minute  (fpm) 

64  feet 

Auxiliary  Hoist 

20  tons 

20  fpm 

90  feet 

Bridge 

200  tons 

60  fpm 

480  feet 

Trolley 

100  tons 

30  fpm 

40  feet 

Auxiliary  Service  Systems 

The  auxiliary  service  systems  in  the  plant  are  de- 
tailed in  Chapter  I  of  this  volume  with  the  following 
exceptions: 

Raw  Water  System.  The  raw  water  system  supply 
is  taken  from  the  penstocks  through  a  three-step  pres- 
sure-reducing set  to  bring  the  pressure  down  to  ac- 
ceptable levels  (Figure  80).  A  pressure-reducing  set  is 
provided  at  each  unit  and  consists  of  a  motorized  cone 
valve,  a  pneumatically  controlled  pressure-reducing 
valve,  and  a  manually  adjusted  cone  valve.  These 
valves  reduce  the  pressure  in  successive  stages  with 
the  motorized  valve  providing  shutoff  service  for  the 
system  when  the  associated  unit  is  shut  down.  The 


pneumatically  controlled  reducing  valve  is  required  to 
maintain  a  constant  level  of  system  pressure  through 
a  wide  range  of  flows  since  the  flow  rate  is  a  function 
of  reservoir  water  temperature  and  unit  load. 

Various  schemes  were  studied  for  the  refrigeration 
system,  chilled-water  piping  systems,  and  the  air-dis- 
tribution system. 

1.  Refrigeration  System — Consideration  was  given 
to  using  reservoir  water  from  the  penstocks  and  the 
river  outlet.  It  was  decided  to  use  refrigeration  ma- 
chines for  the  following  reasons: 

a.  It  was  not  possible  to  use  water  from  the  pen- 
stocks because  of  the  selective  temperature  control 
which  would  provide  relatively  warm  water  during 
certain  times  of  the  year. 

b.  It  was  decided  not  to  tap  the  river  outlet  con- 
duit due  to  concern  for  plant  and  personnel  safety. 

2.  Chilled  Water  Piping — Various  piping  schemes 
were  studied,  such  as  "two  pipe  reverse  return",  "two 
pipe  direct  return",  "primary-secondary  pumping 
system",  and  others.  The  "primary-secondary  pump- 
ing system"  was  chosen  for  the  following  reasons: 

a.  It  offers  a  degree  of  control  difficult  and  costly 
to  achieve  with  valves  alone. 

b.  It  permits  constant  flow  through  the  coolers 
eliminating  stratification  problems  inherent  with 
throttling  systems. 

c.  Hydraulic  and  heat  transfer  balance  is  ob- 
tained in  conjunction  with  economical  operation. 

d.  Total  pumping  horsepower  is  normally  lower. 

3.  Air  Distribution  System-The  following  schemes 
of  supplying  fresh  air  to  the  powerhouse  were  studied: 

a.  Outside  air  from  Tailrace  Tunnel  No.  1,  ex- 
hausting through  the  cable  tunnels  and  access  tun- 
nel. 

b.  Outside  air  from  the  access  tunnel,  exhausting 
through  the  cable  tunnels. 

c.  Outside  air  from  the  high-voltage  tunnel,  ex- 


Figure  80.     Raw  Water  System 
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hausting  through  the  access  tunnel  and  control-ca- 
ble tunnel. 

d.  Outside  air  from  the  control-cable  tunnel,  ex- 
hausting through  the  access  tunnel  and  high-voltage 
tunnel. 

The  last  scheme  was  selected  primarily  due  to  the 
fallout  protection  requirement.  It  was  decided  to  di- 
rect the  air  through  the  high-voltage  tunnel  and  re- 
turn it  to  the  plant  through  the  control-cable  tunnel 
adding  only  a  small  amount  of  decontaminated  air  to 
pressurize  the  plant.  Also,  during  normal  operation, 
this  scheme  was  judged  superior  since  vitiated  air  is 
exhausted  from  the  powerhouse  through  the  access 
tunnel. 

The  raw  water  system  provides  cooling  water  for 
unit  generator  and  transformer  cooling,  air-compres- 
sor cooling,  domestic  water,  air-conditioning  system 
cooling,  sump-jet-eductor  system,  and  fire-extin- 
guisher system.  There  is  a  separate  supply  of  cooling 
water  for  each  of  the  six  units  and  a  single  standby 
system  designed  to  meet  the  needs  of  any  one  unit  in 
event  of  failure  of  that  unit's  normal  supply. 

Air-Conditioning  System.  The  air-conditioning 
system  differs  from  the  other  plants.  In  addition  to 
providing  heating,  ventilation,  and  cooling  of  person- 
nel and  maintaining  the  required  ambient  tempera- 
ture for  equipment,  it  also  provides  protection  from 
radioactive  fallout  and  cools  the  high-voltage  tunnel 
and  the  transformer  vaults.  A  primary-secondary 
pumping  system  was  used  to  distribute  the  chilled 
water  to  the  many  zones  required. 

Preliminary  design  of  the  Powerplant  was  per- 
formed during  the  period  when  fallout  shelters  were 
being  provided  in  many  homes  and  business  establish- 
ments. Since  the  underground  plant  made  an  ideal 
shelter,  and  it  was  judged  essential  to  sustain  power 
production  during  any  emergency  period,  it  was  de- 


cided to  provide  the  necessary  equipment  for  fallout 
protection. 

Automatic  dampers  and  other  equipment  were  pro- 
vided to  retain  and  recirculate  air  in  the  powerhouse 
and  tunnels  in  the  event  of  radioactive  fallout  in  the 
area.  In  order  to  pressurize  the  powerhouse  and  tun- 
nels and  thus  cause  a  slight  exfiltration  of  powerhouse 
air,  a  relatively  small  amount  of  air  is  added  to  the 
system  through  a  high-efficiency  (fallout)  filter. 

The  refrigeration  systems  consist  of  two  high- 
speed, centrifugal,  refrigeration  machines  (Figure 
81).  These  machines  are  connected  in  parallel  to  chill 
water  from  approximately  56  degrees  to  44  degrees 
Fahrenheit.  Two  centrifugal  pumps  circulate  800  gal- 
lons per  minute  (gpm)  of  water  through  the  primary 
chilled-water  circuit  which  extends  the  full  length  of 
the  powerhouse  and  serves  the  seven  fan-coil  units  and 
the  main  cooling  coils.  Secondary  circuits  at  each  coil 
provide  a  continuous  flow  of  water  at  the  proper  tem- 
perature by  means  of  secondary  pumps. 

Intake  Structure  Equipment 

General.  The  equipment  at  the  intake  structure 
was  designed  for  emergency  and  maintenance  closure 
of  the  intake  penstocks  and  selective  water-level  with- 
drawal from  the  reservoir  to  provide  water  tempera- 
ture control.  The  intake  gates  are  located  at  the  lower 
end  of  the  intake  structures  at  the  entrance  to  the 
penstock  tunnels.  A  shutter  gantry  crane  is  provided 
to  place  and  remove  the  shutters  for  selecting  the  level 
at  which  the  water  is  drawn  into  the  structure. 

Intake  Gates  and  Operator  System.  A  22-foot  -  6- 
inch  by  32-foot  -  9-inch  coaster-type  gate  at  each  of  the 
two  intakes  is  used  for  penstock  closure  (Figures  82 
and  83).  Gate  speed  is  set  to  provide  a  five-minute 
emergency  closure  which  may  be  initiated  from  the 
Oroville  Area  Control  Center,  the  emergency  control 
room  in  the  powerhouse,  or  the  intake  structure  con- 
trol room. 


Figure  82.      Intake  Gate  Operator 


Figure   83.      Intake  Gate  and  Op 
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The  gate  is  a  welded  structural-steel  assembly,  fab- 
ricated in  three  sections  with  bolted  joints.  Continu- 
ous, stainless-steel,  roller  trains  support  the  gate  loads 
on  embedded  stainless-steel  tracks  in  the  intake  struc- 
ture. Seals  are  Teflon-clad  double-stem  type  with  a 
cam-operated  pressurizing  system. 

A  gate  carriage  supports  the  lower  end  of  the  gate 
when  the  gate  and  operator  are  transported  within  the 
intake  structure.  For  testing  in  the  operations  and 
maintenance  area,  the  carriage  supports  the  full 
weight  of  the  gate  during  stroking  by  the  operator 
cylinder.  The  carriage  also  supports  the  gate  in  the 
event  of  emergency  removal  with  the  operator  stem 
extended.  The  gate  hydraulic  cylinder  operator  is  in- 
tegral with  its  steel  carriage  and  is  directly  connected 
to  the  gate.  Latch  bolts  for  rigidly  securing  this  gate- 
operator  carriage  to  the  channel  structure  are  pro- 
vided. Both  the  latch  bolts  and  hydraulic  cylinder  are 
remotely  controlled. 

Although  gate  model  studies  indicated  continuous 
closing  forces  on  the  gate  during  emergency  closure, 
a  closing  thrust  of  300,000  pounds  can  be  exerted  by 
the  gate-operator  system  if  required.  Each  intake  gate 
operator  has  two  interconnected  hydraulic  systems 
mounted  on  the  gate-operator  carriage.  Each  system 
can  close  the  gate  independently  if  necessary.  The 
hydraulic  power  unit  and  electrical  system  enclosures 
are  pressurized  with  nitrogen  to  maintain  a  minimum 
operating  pressure  greater  than  the  ambient  water 
pressure.  To  assure  maximum  dependability,  the  hy- 
draulic systems  were  initially  cleaned  to  a  high  level 
of  cleanliness  and  have  filter  elements  to  maintain  this 
level.  Power  and  control  circuits  for  the  gate  operators 
are  supplied  through  a  710-foot  drag  cable  on  a  cable 
reel  located  in  the  operations  area. 

Precipitation-hardened  stainless  steel  was  used  ex- 
tensively in  critical  areas  because  of  its  range  of  physi- 
cal properties  and  inherent  corrosion  resistance.  This 
material  has  proved  satisfactory  in  all  applications 
where  adequate  precautions  are  taken  to  prevent  gall- 
ing and  reasonable  ductility  is  maintained  through 
heat  treatment. 

Modifications.  The  following  modifications  have 
been  incorporated  in  the  intake  gate  and  operator  sys- 
tem: 

1.  The  rollers  on  the  gate-roller  trains  were 
changed  from  a  fixed-roller-pin  type  to  a  free-pin 
type  with  bronze  roller-pin  bushings  because  of 
galling  between  the  rollers  and  roller  races  when 
unloaded. 

2.  An  automatic  nitrogen-purge  system  was  in- 
stalled on  the  gate-operator  hydraulic  system  to 
eliminate  nitrogen  gas  accumulation  at  the  rod  end 
of  the  gate-operator  piston. 

Intake  Gate  Gantry  Hoist.  The  intake  gate  gantry 
hoist  lowers  and  raises  the  intake  gates  and  operators 


along  the  sloping  intake  (Figure  84).  It  is  rail-mount- 
ed and  services  both  intakes.  The  hydraulically  oper- 
ated intake  gate  lifting  beam  is  permanently 
connected  to  the  gantry  hoist  and  is  controlled  by  an 
electrical  drag  cable  connecting  the  lifting  beam  to  the 
gantry  hoist  (Figure  85). 

Shutter  Gantry  Crane.  The  shutter  gantry  crane 
transfers  shutters  to  and  from  the  storage  bays  and 
places  or  removes  shutters  from  their  submerged  posi- 
tion in  the  intake  structure  (Figure  86).  Two  trollev 
hoists  with  a  total  of  four  hooks  are  used  for  shutter 
handling  and  intake  structure  general  hoist  service.  A 
permanently  attached  shutter-lifting  beam  is  connect- 
ed to  the  crane's  fixed  hoist  for  placing  and  removing 
shutters. 


Figure  84.      Intake  Crane  Gantry  Hoist 


Figure  85.      Intake  Cranes 
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Figure  86.     Shutter  Gantry  Crane 


Figure   87.      Iso-Phase  Bus  Reversing  Switche 


Electrical  Features 

General 

The  electrical  installation  includes  the  generators, 
motor-generators,  power  transformers,  230-kV  oil- 
pipe-type  cable,  230-kV  switchyard,  and  the  control 
and  auxiliary  systems.  Descriptions  of  electrical  sys- 
tems which  are  common  to  other  plants  in  the  State 
Water  Project  are  contained  in  Chapter  I  of  this  vol- 
ume. 

Description  of  Equipment  and  Systems 

Electrical  equipment  and  systems  are  generally  of 
conventional  design.  Location  of  the  powerhouse  un- 
derground and  starting  of  the  motors  required  design 
and  equipment  deviations  from  normal  practice. 

A  main-and-transfer  bus  arrangement  was  selected 
for  the  switchyard  with  three  additional  breakers  in- 
stalled for  motor  starting.  Six  bays  are  required  for  the 
power  transformer  connections  and  three  transmis- 
sion lines  which  terminate  at  the  switchyard.  Trans- 
mission lines  connect  to  the  Pacific  Gas  and  Electric 
Company's  Table  Mountain  Substation  located  ap- 
proximately 9  miles  from  the  switchyard. 

Power  transformers  are  located  underground  in 
vaults  adjacent  to  the  generator  or  motor-generator 
served.  Connections  from  the  switchyard  to  the  trans- 
formers are  made  with  2  30-kV  pipe-type  cable.  Gener- 
ators and  motor-generators  are  connected  to  the 
low-voltage  windings  of  the  transformers  with  isolat- 
ed-phase bus.  Bus  connections  to  the  motor-genera- 
tors contain  motor-operated  switches  for  use  in  phase 
reversal  for  either  motor  or  generator  operation  (Fig- 
ure 87). 

Station  service  supply  is  normally  taken  from  a  230- 
1 3.8-kV  transformer  in  the  switchyard.  Other  supplies 
may  be  obtained  from  the  generator  bus  at  two  loca- 
tions in  the  powerhouse  (Figure  88).  Voltage  is  re- 
duced to  480  volts  for  distribution  to  the  various  motor 
control  centers,  power  distribution  centers,  and  light- 
ing distribution  centers  (Figure  89). 
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Figure  88.      15-kV  Station  Service  Breaker 
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Figure    89.      480-Volt  Station  Service  Distribution  Board 
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Figure  92.      Emergency  Control  Board  for  Thermalito  Powerplant 


Switchboards  were  installed  for  each  unit  to  house 
the  protective  relays,  instruments,  meters,  annuncia- 
tors, and  operating  controls  (Figure  90).  Control  of 
the  facility  is  normally  from  the  control  building  near 
the  switchyard  (Figure  91);  however,  control  of  all 
functions  also  may  be  accomplished  from  equipment 
inside  the  powerhouse.  Since  operation  of  either  the 
Hyatt  or  Thermalito  plant  depends  on  the  other,  an 
emergency  control  board  and  relay  board  were  in- 
stalled inside  the  powerhouse  for  controlling  Ther- 
malito Powerplant  (Figures  92  and  93).  This  provides 
for  continuity  of  operation  during  emergencies,  in- 
cluding a  nuclear  disaster.  Volume  V  of  this  bulletin 
describes  the  remote  control  systems  and  equipment. 
Equipment  Ratings 

Generators  and  Motor-Generators 
Manufacturer:     Westinghouse  Electric  Corpora- 
tion 
Type:     Vertical-shaft,      synchronous,      3-phase, 

60Hz 
Generators  Nos.  1,  J,  and  5 
Capacity:     123,157  kVA 
Speed:     200  rpm 
Power  factor:     95% 
Volts:     12,500 
Motor-Generators  Nos.  2,  -f,  and  6 
Generating 

Capacity:     115,000  kVA 
Speed:     189.5  rpm 
Power  factor:     85% 
Volts:     12,500 
Motoring 

Horsepower:     173,000 
Speed:     189.5  rpm 
Power  factor:     100% 
Volts:     12,000 
Power  Transformers 

Number  of  transformers:     6 

Manufacturer:     Moloney  Electric  Company 

Volts:     2 30-1 2k V,  grounded-wye 

Taps:     In  the  high-voltage  winding,  2'/2  and  5% 

above  and  below  230  kV 
Phase:     3 

Frequency:     60  Hz 
Capacity:     127,000  kVA 
Type:     FOW 

Transformer  connections:     Wye-Delta 
Station  Service  Transformers 
Substation  Transformer 

Manufacturer:     Moloney  Electric  Company 
Volts:     230-kV,  grounded-wye,  high-voltage; — 
12.6-kV  delta  tertiary — 13.8-kY, 
grounded-wye,  low-voltage 
Taps:     In  the  high-voltage  winding,  iVi  and 

5%  above  and  below  230  kV 
Load  tap  changer:     In  the  low-voltage  wind- 
ing, sixteen  %%  taps  above  and  sixteen 
%%  taps  below  rated  voltage 
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Phase:     3 

Frequency:     60  Hz 

Capacity:     10,000  kYA 

Type:     0A 

Transformer  connections:     Wye — Delta-Wye 

Powerhouse-Station  Service 

Number  of  transformers:     4 

Volts:     12,500-^80Y/277  (2  transformers) 

Volts:     13,8OO-^80Y/277  (2  transformers) 

Phase:     3 

Frequency:     60  Hz 

Capacity:     2,500/3,300  kYA 

Type:     AA/FA 
Area  Control  Center 

Number  of  transformers:     2 

Volts:     13,800— 480Y/277 

Phase:     3 

Frequency:     60  Hz 

Capacity:     1,000  kVA 

Type:     AA/FA 
Intake  Structure 

One   transformer:     300   kVA,    13,800^80Y/ 
277  V,  type  OA,  3  phase,  60  Hz 
Engine — Generator  Set 

Capacity:     625  kVA 

Power  factor:     80% 

Volts:     4, 1 60 Y/ 2, 400,  3  phase,  60  Hz 


Generators  and  Motor-Generators 

Electrical  characteristics  for  the  generators  did  not 
involve  special  requirements  for  this  installation; 
consequently,  the  manufacturer's  standard  values 
were  selected  allowing  minimum  costs.  Horsepower 
rating  as  a  motor  for  the  motor-generator  was  estab- 
lished by  pumping  requirements.  Maximum  horse- 
power of  the  pump  occurs  at  minimum  head,  a 
condition  which  will  be  experienced  infrequently. 
The  maximum  motor  rating  was  thus  established  at 
173,000  hp,  100%  power  factor,  and  a  temperature  rise 
of  80  degrees  Celsius.  Under  the  normally  lighter  load 
operating  conditions,  the  motor  will  operate  at  lower 
temperatures  and  have  a  capacity  for  operating  to  95% 
power  factor.  Electrical  characteristics  of  the  motor- 
generator  were  therefore  determined  by  the  motor, 
leaving  surplus  capacity  for  the  generator  rating.  Al- 
though normal  operation  is  at  95%  power  factor,  the 
power  factor  for  the  generating  mode  was  specified  at 
85%.  This  required  a  larger  exciter  but  not  a  more 
costly  generator.  The  primary  reason  for  this  was  the 
uncertainty  of  future  requirements  for  var  supply 
from  Edward  Hyatt  Powerplant.  A  possibility  existed 
that  the  Department  would  construct  transmission 
lines  to  its  nearest  major  pumping  plant,  a  distance  of 
approximately  150  miles.  The  rated  voltages  were  se- 
lected by  the  manufacturer  within  specified  limits  of 
12.0  to  13.8  kY  for  generator  operation  and  1 1.5  to  13.2 
kY  for  motor  operation  (Figures  94  and  95). 


Figure  94.     Motor-Generator  Exciter 
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Figure   95.      Motor-Generator  Excitation  and  Voltage-Regulator  Equipment 
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Limited  clearance  in  the  powerhouse  made  it  neces- 
sary to  limit  shaft  lengths  on  the  generators  and  mo- 
tor-generators. Shafts  were  specified  in  two  lengths. 
One  shaft  section  carries  the  rotor;  the  other  is  used 
for  the  exciter  and  thrust  bearing.  Two  guide  bear- 
ings, one  above  and  one  below  the  rotor,  were  speci- 
fied for  maximum  mechanical  stability.  The  thrust 
bearing  is  located  above  the  rotor.  This  location  pro- 
vides better  accessibility  for  dismantling.  Limited 
available  space  below  the  generator  floor  essentially 
precluded  locating  the  bearing  below  the  rotor. 

Damper  windings  were  specified  for  the  generators 
to  provide  protection  against  resonant  circuits  and 
high  voltages  in  the  event  of  a  line  to  ground  fault.  On 
the  motor-generators,  amortisseur  windings  required 
for  motor  starting  also  serve  as  damper  windings  dur- 
ing generator  operation. 

Motor  Starting  Method 

A  motor  is  started  by  a  generator  unit  operating  at 
reduced  frequency.  Water  is  depressed  below  the 
pump  impeller.  The  generator  unit  is  started  without 
excitation  by  opening  the  turbine  wicket  gates  and, 
when  it  has  reached  50%  of  rated  speed,  the  motor  is 
electrically  connected  to  the  generator  by  closing  the 
230-kV  transfer  bus  breaker  and  230-kV  switch  in  the 
switchyard.  At  this  point,  the  generator  field  breaker 
is  closed.  The  motor  starts  and  accelerates  as  an  induc- 
tion machine.  When  the  motor  reaches  approximately 
95%  of  the  generator  30-Hz  speed,  the  motor  field 
breaker  is  closed  to  pull  the  motor  into  synchronism 
with  the  generator.  Both  units  are  accelerated  at  a 
controlled  rate  as  the  governor  slowly  opens  the  tur- 
bine wicket  gates  of  the  generating  unit.  When  the 
motor  reaches  rated  speed  and  proper  svnchronizing 
conditions,  its  230-kV  main  bus  breaker  is  closed,  par- 
alleling it  with  the  utility  system.  The  generator  is 
then  brought  to  no-load  and  disconnected  from  the 
motor.  Air  is  then  purged  from  the  pump  casing  and 
the  wicket  gates  are  opened  to  commence  pumping. 
The  generator  unit  may  then  be  shut  down  or  slowed 
to  30-Hz  speed  for  starting  another  motor. 

Power  Transformers 

Transformers  are  dual-rated  at  55  degree  Celsius 
and  65  degree  Celsius  temperature  rise.  The  kVA 
capacity  was  specified  so  the  65  degree  Celsius,  112%, 
transformer  rating  would  be  equal  to  the  specified  80 
degree  Celsius,  115%,  rating  of  the  generators.  In 
practice,  the  units  are  operated  for  peaking  power 
generation,  frequently  at  or  near  1 1 5%  rated  capacity. 

In  less  than  four  years  after  beginning  operations, 
three  power  transformers  failed  in  service.  The  trans- 
formers are  3-phase  core-type.  Inspection  of  each  core 
and  coil  assembly  revealed  that  mechanical  failure  of 
the  low-voltage  windings  led  to  turn-to-turn  faults 
resulting  in  a  single-phase  fault  to  the  core.  All  trans- 
formers have  been  repaired. 


Power  Transformer  Location 

Location  of  power  transformers  became  the  object 
of  a  special  study  after  the  decision  had  been  made  to 
locate  the  powerhouse  underground.  Three  possible 
locations  were  selected  for  detailed  examination  and 
consisted  of:  ( 1 )  underground  in  the  powerhouse,  (2) 
underground  in  a  separate  vault,  and  (3)  above- 
ground  in  the  switchyard. 

The  underground  location  in  the  powerhouse  was 
selected  primarily  because  the  low-voltage  leads  were 
as  short  as  could  be  reasonably  made  and  economics 
favored  this  location.  Since  the  power  requirements 
for  each  generator  made  the  use  of  isolated-phase  bus 
necessary,  reduction  in  length  was  important  for  sav- 
ings in  capital  costs  and  losses.  Transformers  could  be 
located  between  generators  by  taking  advantage  of  the 
space  formed  by  the  curvature  of  the  generators.  The 
width  of  the  plant  could  be  kept  to  a  minimum,  thus 
avoiding  excavation  and  rock  support  problems  as- 
sociated with  greater  widths.  The  length  of  the  plant 
was  increased;  however,  width  was  considered  to  be 
more  critical.  By  locating  the  transformers  at  a  lower 
elevation  in  the  powerhouse,  they  could  be  installed  or 
removed  (untanked)  without  an  increase  in  crane 
height  above  that  required  for  the  generators  and  tur- 
bines. Installation  in  individual  concrete  vaults  al- 
lowed use  of  C02  for  fire  protection. 

Transformer  location  in  an  excavated  vault  adjacent 
to  the  powerhouse  was  also  considered.  This  layout 
would  require  an  excavation  as  long  as  the  power- 
house and  of  a  width  to  allow  movement  of  one  trans- 
former past  others  remaining  in  operation.  In 
terconnecting  tunnels  to  the  powerhouse  for  low-volt- 
age bus,  control  cables,  and  access  would  be  required. 
The  powerhouse  access  tunnel  required  for  the  gener- 
ators and  turbines  would  be  complicated  by  the  need 
to  move  transformers  to  another  vault.  Untanking 
would  be  done  outside  of  the  machine  hall.  Estimates 
of  the  cost  of  excavation  and  low-voltage  bus  for  the 
two  underground  locations  favored  the  selected  loca- 
tion inside  the  powerhouse. 

Outside  location  of  transformers  had  the  advantage 
of  available  space  and  relative  ease  of  access  for  main- 
tenance and  moving;  however,  these  factors  did  not 
have  sufficient  economic  advantage.  The  distance 
from  the  powerhouse  to  the  switchyard  area  preclud- 
ed this  location  due  to  the  cost  of  low-voltage  bus  as 
compared  to  high-voltage  insulated  cable.  Also,  a  tun- 
nel for  low-voltage  bus  needed  to  be  much  larger  than 
that  required  for  the  230-kY  cable. 

High-Voltage  System 

230-kV  Switchyard.  The  switchyard  at  Edward 
Hyatt  Powerplant  includes  bays  for  three  transmis- 
sion lines,  three  generator  lines,  and  three  lines  to  the 
motor-generators  (Figures  96  and  97).  The  bus  layout 
is  essentially  a  main-and-transfer  type  except  it  is 
modified  to  include  two  breakers  in  each  motor-gener- 
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ator  bay-  No  transfer  breaker  is  necessary  since  the 
double-breaker  bays  serve  the  same  purpose.  The 
transfer  bus  is  also  used  as  a  starting  bus  whenever  a 
motor  is  started.  The  main  bus  contains  two  sectional- 
izing  disconnect  switches  which  divide  the  yard  into 
three  sections,  each  containing  one  transmission,  one 
generator,  and  one  motor-generator  bay.  Sectionaliz- 
ing  switches  are  normally  in  the  open  position  and 
were  installed  to  provide  flexibility  and  reliability  of 
operation,  mainly  for  the  transmission  circuits.  The 
230-1 3. 8-kV  station  service  transformer  is  connected 
to  the  main  bus  by  means  of  a  disconnect  switch. 

The  switchyard  was  designed  with  a  low  profile  and 
A-frame  line  towers.  Rigid-pipe  bus  is  used  for  the 
main,  transfer,  and  cross-bus  connections.  The  region 
is  of  relatively  low  seismicity;  consequently,  the  low- 
profile  rigid-bus  design  was  selected. 

Flexibility  of  operation  is  the  most  important  factor 
in  selecting  bus  arrangements  for  switchyards  of  this 
size.  Additional  complications  were  caused  by  the  ad- 
ditional requirements  of  starting  a  motor  by  connec- 
tions to  a  generator  through  the  switchyard.  Three 
arrangements  were  examined,  namely:  main-and- 
transfer,  double-breaker,  and  breaker-and-a-half. 
While  the  breaker-and-a-half  arrangement  was  attract- 
ive because  of  switching  flexibility  and  reliability  of 
operation,  it  was  abandoned  because  of  its  greater 
space  requirement  for  depth.  Space  available  between 
the  river  and  hillside  was  inadequate  without  exten- 
sive excavation,  resulting  in  relatively  high  costs.  The 
other  two  layouts  essentially  were  combined  to  pro- 
duce the  selected  yard  containing  three  bays  with  dou- 
ble breakers  and  six  bays  with  single  breakers. 
Adequate  operating  flexibility  was  achieved  using  this 
arrangement. 

230-kV  Cable.  Connections  between  the  switch- 
yard and  the  high-voltage  bushings  of  the  power 
transformers  were  made  with  cable.  A  high-pressure, 
oil-pipe-type,  cable  system  was  selected  with  cables 
rated  230  kV,  1,050  BIL,  145  MVA,  100%  load  factor, 
and  with  500-MCM  copper  area.  Ambient  tempera- 
ture is  maintained  below  85  degrees  Fahrenheit  in  the 
cable  tunnel.  Cables  are  sheathless-type  with  oil-im- 
pregnated paper  insulation  and  compact  round-cop- 
per conductors.  The  three  cables  (one  per  phase) 
were  installed  in  an  8-inch-diameter  steel  pipe.  Oil 
pressure  in  the  pipe  is  maintained  at  200  psi  (Figure 
98). 

Six  pipe-type  cables  were  installed  in  a  tunnel 
which  extended  from  the  switchyard  into  the  power- 
house for  a  distance  of  approximately  2,300  feet.  The 
pipe  is  anchored  at  both  ends  and  two  intermediate 
points.  Anchoring  at  both  ends  prevents  motion  of  the 
pipe  which  could  result  in  stress  on  the  potheads.  In- 
termediate anchor  points  also  prevent  downhill  creep 
of  the  pipe  caused  by  temperature  variations.  Detailed 
studies  were  conducted  to  determine  the  optimum  an- 
chor positions. 

Trifurcator  joints  were  installed  at  each  end  of  the 


Figure  97.     230-kV  Air-Blast  Circuit  Breaker 
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Pump  Control  Cabinet  for  230-kV  Oil  Pipe  Coble 
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pipe  to  convert  the  8-inch  pipe  with  three  conductors 
to  a  4-inch  tubing  with  a  single  conductor.  The  joints 
also  served  for  splicing  the  main  cable  to  the  pothead 
terminal  cable  stub. 

Three  lightning  arresters  were  installed  at  the  ter- 
minal end  of  the  cable  in  the  switchyard  at  the  pot- 
heads  (Figures  99  and  100).  In  addition,  three 
arresters  are  located  at  the  other  end  of  the  cable  in  the 
transformer  vaults.  Studies  conducted  on  surge  behav- 
ior in  the  cables  indicated  that  the  arresters  at  the 
transformers  were  not  necessary.  Switchyard  arrest- 
ers and  attenuation  in  the  cables  would  prevent  de- 
structive voltage  surges  at  the  transformers.  A 
decision  was  made  to  install  arresters  at  the  transform- 
ers as  additional  precaution  since  the  cost  was  consid- 
ered to  be  small  as  compared  to  possible  damage  if 
protective  arresters  in  the  switchyard  failed  to  per- 
form. 

During  design  of  the  cable  installation,  careful  at- 
tention was  given  to  oil  pressures  in  the  pipe.  Differ- 
ences in  elevation  at  the  two  ends,  in  addition  to  the 
minimum  required  pressure  in  the  pipe,  determined 
the  pressure  at  the  lower  pothead.  The  resulting  value 
appeared  too  close  to  pothead  pressure-withstand  val- 
ues. The  pipe  could  have  been  sectionalized  to  reduce 
resultant  pressures;  however,  manufacturers  of  the 
potheads  gave  assurance  that  adequate  capabilities  of 
potheads  could  be  established. 

Transmission  Lines.  Although  not  a  part  of  Ed- 
ward Hyatt  Powerplant,  the  Oroville-Thermalito 
transmission  lines  are  described  here  for  continuity. 
The  lines  transport  the  energy  generated  at  Edward 
Hyatt  and  Thermalito  Powerplants  to  the  Table 
Mountain  Substation  of  the  Pacific  Gas  and  Electric 
Company  when  the  plants  are  in  the  generating  mode 
and  deliver  energy  to  the  plants  from  the  Substation 
when  the  plants  are  in  the  pumping  mode. 

Two  double-circuit,  230-kV,  steel-tower,  transmis- 
sion lines  run  from  the  switchyard  at  Hyatt  to  the 
Table  Mountain  Substation,  a  distance  of  9  miles.  One 
circuit  has  not  been  strung.  The  generating  capacity 
of  Edward  Hyatt  Powerplant  is  therefore  divided 
among  three  circuits.  In  the  case  of  an  outage  of  any 
one  circuit,  full  output  of  the  plant  can  be  transmitted 
over  the  remaining  two.  Two  circuits  from  Ther- 
malito Powerplant  are  tapped  into  two  of  the  three 
circuits  from  Hyatt  Powerplant. 

Station  Service  System 

The  normal  station  service  power  source  is  from  the 
230-kV  main  bus  through  a  step-down  transformer 
and  13.8-kY  distribution  switchgear  located  in  the 
switchyard.  Two  independent  feeder  circuits  are  rout- 
ed to  the  powerhouse,  control  building,  and  intake 
structure;  one  circuit  supplies  the  spillway.  Back-up 
power  for  the  powerhouse  is  received  through  1 3.8-kV 
feeders  connected  to  two  generators  (Figures  101  and 
102).  Two  main,  480-volt,  distribution  boards  in  the 
powerhouse  receive  power  either  from  the  normal  or 


Figure   100.     230-kV  Oil  Pipe  Coble  Termination 
II 


Figure   101.     2,500-kVA  Station  Service  Transformer 


80 


back-up  supply  (Figure  103).  Located  adjacent  to  the 
loads  throughout  the  plant  are  480-volt  motor-control 
centers  and  secondary  distribution  boards.  Each  of 
these  centers  receives  power  from  either  of  the  main, 
480-volt,  distribution  boards.  An  engine-generator  set 
provides  power  to  essential  loads  if  other  sources  fail. 
Nonessential  station  service  loads  will  be  automatical- 
ly dropped  to  stay  within  the  capacity  of  the  set. 


The  station  service  transformer  in  the  switchyard 
has  a  grounded-wye  connection  on  both  the  230-kV 
and  13.8-kV  windings  (Figure  104).  It  has  a  delta- 
connected  tertiary  for  suppression  of  harmonics  and 
for  neutral  stabilization.  The  wye  connection  was  se- 
lected to  give  a  grounded  13.8-kY  system.  The  same 
phase  relation  and  position  will  occur  in  the  back-up 
power  supply. 


Figure   103.     480-Volt  Distribution  Center 


Figure    104.      10-MVA  Station  Service  Transformer 
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Construction 

Contract  Administration 

General  information  about  the  major  contracts  for 
the  construction  of  the  Edward  Hyatt  Powerplant  is 
shown  in  Table  2.  The  principal  construction  con- 
tracts were  the  Oroville  Powerplant,  Specification 
No.  63-06;  Completion  of  Oroville  Powerplant,  Speci- 
fication No.  66-32;  and  Completion  of  Penstock  In- 
take-Left Abutment,  Specification  No.  65-52.  In 
addition,  other  large  contracts  which  involved  many 
complex  problems  and  major  costs  were:  Turbines 
and  Pump-Turbines,  Specification  No.  63-05;  114- 
Inch  Spherical  Valves,  Specification  No.  64-13;  Gen- 
erators and  Motor-Generators,  Specification  No.  64- 
16;  Trashracks  Supports  and  Control  Shutters,  Speci- 
fication No.  65-11;  and  the  Completion  of  Penstock 
Intake,  Specification  No.  65-52. 

Powerhouse  and  Tunnel  Excavation 

Underground  excavation  for  Edward  Hyatt  Power- 
plant  (Figure  105)  consisted  of  removal  and  disposal 
of  excavated  rock  from  the  following:  powerhouse  ac- 
cess tunnel,  powerhouse,  high-voltage-cable  tunnel, 
penstock  tunnels  and  shafts,  draft-tube  tunnels,  river 
outlet  access  tunnel,  and  emergency  exit  tunnel. 

All  underground  excavation  was  done  by  first  drill- 
ing and  blasting  the  rock.  A  typical  cvcle  of  events 
was:  (1)  drill,  (2)  load,  (3)  bla'st,  (4)  muck,  and  (5) 
rock  bolt  (or  support).  In  general,  the  tunnels  were 
excavated  full  face  using  a  jumbo,  on  which  varying 

TABLE  2.     Major  Contracts- 


Figure  105 


d  Hyatt  Underground  Powerplant 


numbers  of  drills  were  mounted.  The  powerhouse 
above  elevation  276  feet  was  excavated  full  face  with 
three  headings.  Below  elevation  276  feet,  a  quarry- 
type  method  was  used  to  drill  the  blast  holes. 

Extensive  use  of  rock  bolts  was  made  to  reinforce 
the  rock  and  minimize  the  use  of  conventional  types 
of  support.  The  permanent  support  system  in  the 
powerhouse  above  elevation  217  feet  was  rock  rein- 
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forcement  in  the  form  of  grouted  rock  bolts.  Else- 
where in  the  underground  excavations,  ungrouted 
rock  bolts  were  used  for  temporary  support  and  rock 
reinforcement  prior  to  placing  reinforced  concrete  for 
permanent  support.  Particular  effort  was  made  to  in- 
stall the  rock  bolts  as  close  to  the  working  face  and  as 
quickly  as  possible  after  blasting.  Liberal  use  of  chain- 
link  fabric  was  made  in  the  larger  excavations  in  con- 
junction with  the  rock  bolts  to  contain  rock  spall. 

Rock  bolting  in  the  tunnels  was  done  from  a  jumbo, 
using  jackleg  and  stoper  drills.  Where  access  and 
equipment  were  available  and  convenient,  jumbo  lin- 
er drills  also  were  used  to  drill  rock-bolt  holes. 

Access  Tunnel.  Excavation  to  develop  the  portal 
face  began  in  September  1963.  A  series  of  horizontal 
holes  were  drilled  about  2  feet  above  the  proposed 
arch,  and  2-inch-square  reinforcing  bars,  20  feet  long, 
were  installed  and  grouted.  An  umbrella  consisting  of 
5  steel  sets  was  erected,  lagged,  and  backfilled  at  the 
portal  before  commencement  of  tunnel  excavation. 
This  umbrella  was  later  incorporated  into  the  perma- 
nent portal  design.  Initially,  the  contractor  advanced 
the  heading  by  carrying  a  pilot  drift  in  the  crown 
several  feet  ahead  of  the  face,  then  excavating  the  pe- 
rimeter of  the  face,  installing  a  steel  set,  and  finally 
removing  the  center.  However,  after  advancing  ap- 
proximately 20  feet,  the  contractor  attempted  to  ad- 
vance by  4-foot  full-face  rounds.  During  the  mucking 
of  the  second  such  round,  the  tunnel  back  caved  in  to 
daylight  (Figure  106). 

Two  rows  of  steel  piling  were  driven,  jump  sets 
were  installed  between  each  set  previously  installed, 
reinforced-concrete  buttress  walls  were  constructed 
at  the  portal,  and  the  steel  umbrella  was  extended  15 
feet.  The  contractor  then  advanced  the  heading  by  the 
use  of  wall  plate  drifts  and  steel  sets  on  2-foot  centers. 
After  advancing  approximately  20  feet,  the  contractor 
changed  his  procedure  to  full-face  rounds  and  steel 
sets  at  4-foot  centers. 

At  Station  12  +  88,  the  contractor  was  directed  to 
cease  using  steel  sets  and  use  10-foot  ungrouted  rock 
bolts  on  4-foot  centers  in  the  arch  and  upper  walls  of 
the  tunnel.  Initially,  the  bolts  were  installed  at  400 
foot-pounds  torque.  This  was  soon  reduced  to  3  50 
foot-pounds  as  it  was  determined  the  latter  value  in- 
duced into  the  bolt  the  designed  tension  of  20,000 
pounds.  The  excavation  advanced  steadily  with  no 
particular  support  problems.  However,  the  miners, 
most  of  whom  had  never  worked  under  rock  bolts, 
became  increasingly  concerned.  At  Station  11+64, 
they  walked  out  claiming  unsafe  support  and  demand- 
ing direct  rock  support  be  employed.  The  walkout 
was  resolved  by  installing  steel  sets  through  the  rock- 
bolted  section  (Figures  107  and  108). 

Powerhouse.  To  reduce  damage  to  the  rock  walls 
and  arch  of  the  powerhouse,  special  effort  was  re- 
quired by  the  specifications  to  obtain  smooth  walls  in 
the  excavation.  The  contractor  was  required  to  de- 
velop controlled   blasting   techniques   which    would 


Figure   106.     Access  Tunnel  Cave-in 
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Figure   108.     Rock-Bolted  Section  of  Access  Tunnel 
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leave  50%  of  the  drill  traces  visible  on  the  finished 
surfaces  and  would  confine  the  finished  surfaces  gen- 
erally within  a  12-inch  zone  back  of  the  minimum 
excavation  line.  The  excavation  of  the  arch  and  walls 
above  elevation  213  feet  was  generally  accomplished 
in  conformance  with  these  requirements.  Below  eleva- 
tion 213  feet,  these  requirements  were  not  imposed 
except  in  the  downward  extensions  of  the  powerhouse 
walls. 

Rock  bolts  in  the  powerhouse  arch  were  1-inch- 
diameter,  20-foot-long,  groutable  type  installed  on  4- 
foot  centers  (Figure  109).  Small  quantities  of  addi- 
tional bolts  were  installed  as  local  conditions  required 
(Figure  110).  To  meet  the  5-foot  three-hour  require- 
ments, the  contractor  was  limited,  for  the  most  part, 
to  pulling  4-foot  rounds.  Holes  were  predrilled  at  the 
face  and  the  bolts  installed  after  the  next  muck  cycle, 
when  another  row  of  holes  was  drilled. 

Rock  bolts  in  the  powerhouse  walls  were  installed 
and  grounted  on  6-foot  centers  as  the  excavation  pro- 
gressed. Rock  bolts  were  grouted  at  least  seven  days 
prior  to  adjacent  blasting.  As  the  contractor  started 


excavation  of  a  given  lift,  there  was  at  least  a  seven-day 
lag  between  rock-bolt  grouting  and  blasting. 

Chain-link  fabric  surface  covering  was  installed  on 
the  vertical  walls  from  the  arch  down  to  10  to  15  feet 
above  invert  grades. 

Some  of  the  turbine  pits  were  excavated  by  cutting 
a  shaft  in  the  center  of  the  pit  into  the  draft-tube  access 
tunnel  below,  then  shrinking  into  the  center  hole. 

High-Voltage-Cable  Tunnel.  After  the  access 
tunnel  heading  reached  the  powerhouse,  excavation 
for  the  high-voltage-cable  tunnel  was  started.  Blast 
holes  were  drilled  with  four  liners  attached  to  a  drill 
jumbo.  Six-foot  rounds  were  drilled  and  blasted.  Rock 
bolts,  10  feet  long,  were  installed  on  4-foot  centers  in 
the  arch  and  upper  walls.  Holes  were  drilled  with 
jacklegs  and  bolts  installed  from  the  muck  pile. 

Penstocks.  The  high-voltage-cable  tunnel  was  ex- 
tended into  the  powerhouse  in  the  form  of  the  pen- 
stock access  tunnel.  The  tunnel  was  essentially  the 
same  size  as  the  high-voltage-cable  tunnel,  ramped 
down  to  invert  elevation  198+  feet  at  Unit  No.  6  and 
extended  to  Unit  No.  1.  The  heading  was  advanced  as 
rapidly  as  possible.  No  support  other  than  minimal 
spot  usage  for  rock  bolts  was  followed. 

Multiple  headings  were  used  in  the  excavation  of 
the  penstock  branches  (Figure  111).  Ten-foot  rock 
bolts  were  installed  on  4-foot  centers  in  the  arch  above 
the  springline.  Excavation  methods  and  equipment 
used  were  the  same  as  for  the  high-voltage-cable  tun- 
nel, except  the  22-foot  sections  of  the  penstocks  were 
excavated  with  a  top  heading  and  bottom  bench  to  the 
55-degree  incline.  The  bench  (about  8  feet)  was  later 
removed  by  advancing  a  heading  into  the  bench. 

The  incline  and  shaft  sections  of  the  penstocks  were 
excavated  by  first  driving  a  pilot  raise  approximately 
7  feet  in  diameter  to  about  50  to  60  feet  below  surface. 
Following  the  excavation  of  the  penstock  transition 
sections  (included  in  the  bid  item  for  structural  exca- 
vation), the  excavation  of  the  penstock  shaft  was  corn- 


Figure  110.     Powerhouse  Arch 


Figure    111.     Transition  of   Penstock  Branch   No.   6  Showing   Satisfactory 
Results  of  Controlled  Blasting 
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pleted  as  a  reaming  activity  shrinking  into  the  raise. 
Muck  was  removed  from  below  through  the  power- 
house. The  raises  were  driven  unsupported,  using 
jacklegs  to  drill  from  a  raise  climber.  The  shafts  were 
sunk  by  drilling  blast  holes  with  jacklegs  and  blasting 
into  the  pilot  raise.  Access  to  the  face  was  provided 
with  a  man-trip  riding  on  tracks  and  operated  through 
a  head-frame  at  the  collar  of  the  shaft.  Occasionally  the 
muck  would  hang  up  and  plug  the  pilot  raise.  On  one 
occasion,  it  took  three  weeks  to  break  the  plug  loose. 
Ten-foot-long  rock  bolts  were  installed  on  4-foot  cen- 
ters for  the  full  diameter  of  the  tunnels,  except  for  the 
portions  of  each  penstock  at  the  upper  elbow  where 
direct  steel  support  was  used. 

Draft  Tubes.  To  expedite  excavation  of  the  draft- 
tube  tunnels,  the  contractor  excavated  an  access  tun- 
nel by  enlarging  the  dewatering  gallery,  with  an  in- 
vert grade  at  elevation  160  feet. 

The  draft-tube  access  tunnel  was  started  by  branch- 
ing from  the  penstock  access  tunnel  near  Unit  No.  6 
down  and  into  the  service  bay,  with  a  switchback  at 
the  powerhouse  end  wall,  and  then  down  to  the  dewa- 
tering gallery  and  through  to  Unit  No.  1.  The  draft- 
tube  access  tunnel  was  essentially  unsupported  except 
for  the  use  of  direct  steel  support  in  the  area  where  the 
tunnel  passed  under  the  penstock  access  tunnel  and 
spot  usage  of  rock  bolts  in  other  locations  (Figure 
112). 

Muck  was  pulled  from  draft  tubes  Nos.  1  through 
4  with  a  slusher  into  the  access  tunnel,  where  it  was 
loaded  and  removed.  The  invert  grade  of  draft  tubes 
Nos.  5  and  6  was  flat  enough  to  allow  use  of  a  loader 
at  the  heading.  The  top  headings  in  draft  tubes  Nos. 
1  through  4  were  drilled  with  jacklegs  from  a  leveled 
muck  pile.  Rock  bolts  also  were  installed  off  the  muck 
pile.  Headings  in  draft  tubes  Nos.  5  and  6  were  drilled, 
and  rock  bolts  were  installed  using  a  drill  jumbo.  Rock 
bolts  were  installed  on  4-foot  centers  above  the  spring- 
line  throughout  the  draft  tubes.  Permanent  concrete 
was  placed  in  the  transition  sections  of  the  draft  tubes 


Figure   112.     Draft-Tube  Access  Tunnel  Looking  Toward  Machine  He 


prior  to  excavation  of  the  corresponding  turbine  pits. 

Emergency  Exit  Tunnel.  Blast  holes  and  rock-bolt 
holes  for  the  emergency  exit  tunnel  were  drilled  with 
jacklegs.  Six-foot-deep  rounds  were  pulled.  A  muck- 
ing machine  and  a  2-cubic-yard  shuttle  car  were  used 
to  load  and  transport  the  tunnel  muck.  Eight-foot  rock 
bolts  were  installed  on  4-foot  centers  in  the  arch  while 
steel  sets  were  used  in  the  initial  25  feet  of  the  portal. 

River  Outlet  Access  Tunnel.  Excavation  was 
started  from  the  powerhouse  end  wall.  Muck  was 
dropped  into  the  powerhouse  and  removed  with  the 
powerhouse  excavation.  Drilling  was  done  with  jack- 
legs  from  a  platform.  Eight-foot  rock  bolts  on  4-foot 
centers  were  installed  in  the  arch. 

Structural  Excavation 

This  work  included  excavation  for  building  founda- 
tions, switchyard  structures,  high-voltage  and  control- 
cable  tunnel,  and  the  portal  wall;  also  structures  for 
the  conduit,  drainage,  sewage  and  water  systems,  and 
for  the  gas  purge  line. 

Excavation  began  for  the  high-voltage  and  control- 
cable  tunnel  in  November  1966.  Presplit  holes  were 
drilled  and  shot,  followed  by  pattern  hole  blasting  and 
removal  of  material.  Material  was  removed  and  hauled 
to  the  designated  waste  areas.  Removal  of  the  final  few 
inches  of  material  was  done  with  a  small  backhoe, 
pneumatic  tools,  and  hand-tool  trimming.  Excavation 
for  the  cut-  and  cover-tunnel,  control  building,  and 
emergency  generator  vault  was  done  in  the  aforemen- 
tioned manner.  Following  excavation  of  the  curve 
portion  of  the  tunnel  section,  work  began  on  the  con- 
trol building.  Essentially,  all  structure  excavation  was 
completed  by  January  1968. 

Left  and  Right  Abutment  Intake  Excavation 

Construction  of  the  left  and  right  abutment  intakes 
(and  access  roads)  required  over  one  million  cubic 
yards  of  excavation,  of  which  864,000  cubic  yards  were 
open-cut  excavation  and  122,000  cubic  yards  were 
structural  excavation.  A  total  of  48,000  cubic  yards  of 
concrete  was  placed  in  the  two  structures.  In  the  left 
intake  foundation,  936  grouted  rock  bolts  were  placed. 
The  left  and  right  abutment  structures  were  back- 
filled with  approximately  70,000  cubic  yards  of  shot 
rock. 

A  different  approach  was  used  to  drill  and  blast  on 
each  abutment.  The  approximate  original  ground  line 
and  the  finished  excavation  on  the  left  abutment  were 
on  a  1.9:1  slope  (Figure  113).  Bulldozers  stripped  all 
soil  from  the  excavation  and  pushed  it  to  where  either 
scrapers  or  a  shovel  and  dump  trucks  removed  it  from 
the  intake  site.  The  resulting  rock  surface  was  quite 
steep  and  irregular  with  knobs  and  vertical  faces.  It 
was  necessary,  in  order  to  permit  drilling,  to  raise  and 
lower  each  drill  with  air  tuggers.  On  the  irregular 
surface,  the  depth  of  drilling  varied  from  4  to  40  feet 
to  the  plane  between  the  contract  limits  of  structural 
and  open-cut  excavation.  After  the  open-cut  excava- 
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Figure   113.     Left  Abutment  Intake  Excavation 

tion  had  been  removed,  the  drills  were  again  lowered 
down  the  slope  to  drill  the  structural  excavation  por- 
tion. Drilling  was  generally  done  on  a  7-foot  by  7-foot 
grid  pattern. 

During  excavation  of  the  left  intake,  all  waste 
material  was  hauled  from  one  of  the  four  levels  of  haul 
roads  constructed  to  the  waste  area  at  elevation  750 
feet.  These  haul  roads  entered  the  intake  excavation  at 
elevations  921,  750,  650,  and  615  feet. 

The  right  abutment  intake  excavation  was  on  a  3.2:1 
slope,  considerably  flatter  than  the  left  abutment  exca- 
vation (Figure  1)4).  Open-cut  excavation  was  per- 
formed on  a  series  of  benches  at  elevations  750,  720, 
and  684  feet.  Rock  was  drilled  and  shot  in  approxi- 
mately rectangular  areas  on  the  benches  with  the 
shovel  following  and  excavating  material  as  soon  as  it 
was  shot.  This  method  required  holes  approximately 
30  and  36  feet  deep.  Holes  were  usually  spaced  on  a 
7-foot  by  7-foot  pattern. 

The  contractor  used  from  one  to  four  drills  during 
drilling  operations  on  each  abutment.  The  3'/2-inch 
bits  used  in  the  drilling  were  usually  good  for  50  feet 
of  drilling  in  the  slightly  weathered  rock  on  the  left 
abutment  but  had  to  be  sharpened  after  as  little  as  14 
feet  of  drilling  in  hard  fresh  rock  on  the  right  abut 
ment. 

After  completion  of  rough  excavation  of  right  and 
left  abutment  intakes,  drillers  returned  and  drilled 
and  blasted  shear  keys  in  the  intake  channel  founda- 
tions and  also  the  trench  for  the  2-foot-diameter  air 
vent  pipe  which  runs  up  the  center  of  each  intake 
channel.  Blasts  for  these  areas  loosened  the  foundation 
rock  along  the  sides  of  the  trenches  and  lower  face  of 
the  keys,  thereby  contributing  to  overbreak  in  these 
areas.  In  addition,  certain  areas  of  the  channels  in  the 
left  intake  contained  unsuitable  material  at  the  fin- 


ished grade.  These  areas  were  further  excavated  by  a 
backhoe  to  depths  of  up  to  7  feet. 

This  backhoe  also  was  used  to  remove  muck  left  by 
the  bulldozers.  Muck  was  placed  below  the  tractor  on 
the  slope  for  a  bench  from  which  to  work.  Laborers, 
with  air  and  water  hoses,  cleaned  the  rock  surface 
immediately  behind  the  backhoe  so  it  could  lift  out  the 
accumulated  material.  A  bulldozer  was  used  to  move 
the  bulk  of  the  material  downslope.  When  the  cleanup 
operation  reached  the  foundation  keys,  a  heavy 
backhoe  was  used  in  the  final  stages  of  cleanup. 

Drilling  in  the  right  abutment  penstock  shafts  was 
done  by  five  to  six  miners  with  jackhammers  drilling 
6-foot  rounds  which  could  be  drilled  out  in  approxi- 
mately 12  hours.  Mucking  was  done  by  loading  l'/2- 
cubic-yard  muck  buckets  which  were  hoisted  by  a 
crane  on  the  permanent  bench  at  elevation  684  feet. 

Excavation  for  the  left  intake  structure  included 
excavation  of  the  penstock  shaft  transitions  which  ran 
from  elevation  573  down  to  535  feet.  From  the  power- 
house below,  miners  had  tunneled  7-foot-diameter 
raises  up  penstocks  Nos.  1  and  2  to  within  65  feet  of 
the  surface.  After  drilling  into  these  raises  fom  the 
surface,  small  charges  were  lowered  to  within  5  feet  of 
the  top  of  the  raise,  and  successive  blasts  were  made 
downward,  with  muck  being  removed  through  the 
powerhouse  until  the  full  7-foot-diameter  raise  was 
opened  to  the  surface  (Figure  115).  Both  penstock 
transitions  Nos.  1  and  2  were  rock  bolted  around  their 
periphery  and  chain-link  mesh  was  installed  for  pro- 
tection from  loose  rocks. 

Backfilling  of  Left  and  Right  Abutment  Intake  Struc- 
tures 

Backfilling  of  the  redesigned  left  and  right  abut- 
ment intake  structures  required  protection  of  work- 
men  from   rolling   rocks.   To   accomplish   this,   the 


Figure    114.      Right  Abutment  Intake  Excavation 
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contractor  fabricated  protection  barriers  from  wide- 
flange  beams  and  railroad  rails.  These  barriers  were 
installed  outside  of  walls  in  the  lower  end  of  the  left 
intake. 

Hard  rock  from  4  inches  to  3  feet  in  size  was  needed 
for  backfill,  so  fresh  rock  blasted  from  the  right  abut- 
ment intake  excavation  was  stockpiled  on  the  right 
abutment  waste  area  during  excavation.  In  addition,  a 
small  amount  of  rock  was  available  from  core  trench 
excavation  that  had  been  stockpiled  on  the  left  abut- 
ment by  the  Oroville  Dam  contractor. 

The  right  abutment  intake  structure  was  backfilled 
by  dump  trucks  which  hauled  the  backfill  to  the  intake 
channels  at  elevation  684  feet.  From  this  level,  it  was 
end-dumped  and  bulldozed  to  grade  against  the  out- 
side of  and  between  the  intake  walls. 

Rock  was  transported  from  the  right  abutment 
stockpile  to  the  left  abutment  in  end-dump  trucks  for 
dumping  around  storage  bays  and  along  the  left  side 
of  Intake  No.  1  and  right  side  of  Intake  No.  2  (Figure 
116).  It  was  also  hauled  in  4-cubic-yard  rock  skips 
with  three  skips  per  truck-trailer  for  placing  between 
the  two  intake  channels  with  a  10-ton-capacitv  high- 
line.  The  highline  placed  approximately  240  cubic 
yards  per  shift.  As  rock  was  dumped  from  buckets  by 
the  highline,  a  bulldozer  graded  the  rock  and  kept  a 
level  bench  to  facilitate  dumping. 

After  the  right  abutment  stockpile  was  depleted,  the 
loading  operation  was  moved  to  the  powerhouse  muck 
pile,  southeast  of  the  switchyard.  Later,  all  material 
was  obtained  from  a  stockpile  in  the  left  abutment 
waste  area. 

Dump  trucks  hauled  rock  to  the  backfill  area  adja- 
cent to  the  channel  walls  immediately  in  front  of  the 
storage  bay  walls  at  elevation  905  feet.  A  bulldozer 
drifted  and  graded  the  material  downslope  to  where 
the  highline  had  been  used  to  backfill.  Three  bulldoz- 
ers pushed  all  subsequent  material  upslope  from  the 
bench  at  elevation  613  feet. 

Foundation  Grouting  and  Drainage 

Oroville  Powerplant  was  constructed  with  a  grout 
envelope  from  40  feet  to  90  feet  deep  from  the  excavat- 
ed rock  surface.  The  rock  to  a  depth  of  40  feet  was  left 
ungrouted  to  provide  a  zone  of  free  drainage.  The 
grout  envelope  furnishes  a  relatively  impermeable 
zone  surrounding  the  Powerplant.  The  free-drainage 
zone  precludes  development  of  hydrostatic  pressures 
in  the  foundation  rock  adjacent  to  the  powerhouse 
structure  (Figure  117). 

In  addition  to  grout  holes  being  left  open  from  0  to 
40  feet  above  elevation  217  feet,  additional  drain  holes 
were  drilled  into  the  rock  surrounding  the  power- 
house structure.  To  relieve  hydrostatic  pressures, 
drain  holes  were  drilled  in  the  invert  of  the  draft 
tubes.  Drain  holes  also  were  drilled  in  the  walls  and 
arch  of  the  access  tunnel  to  relieve  pressure  and  pro- 
vide means  to  control  drainage  water. 


Figure   116. 


Backfilling  Right  Side  of  Intake  No.  2— Left 
Abutment  Intake 


Figure   117.     Grout  Plant  Comprised  of  Two  Moyno  Pumps  and  Two  Tanks 
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Consolidation  grouting  to  ensure  or  improve  the 
structural  integrity  of  the  rock  was  done  in  selected 
areas  of  the  penstocks.  With  redesign  of  the  intake 
structure  and  foundation,  and  upon  evaluation  of  sur- 
face and  subsurface  data  obtained  by  drilling  and  wa- 
ter testing  several  holes,  it  was  determined  that 
blanket  grouting  of  the  intake  structure  foundation 
was  not  necessary,  and  the  work  was  deleted. 

Concrete  Placement 

Aboveground  concrete  placements  on  the  Edward 
Hvatt  Powerplant  contract  were  made  in  the  right 
and  left  abutment  intake  structures  and  in  the  switch- 
yard drainage  ditches  (Figures  118  and  119).  Drainage 
ditch  placements  consisted  of  pneumatically  applied 
mortar.  Underground  placements  consisted  of  backfill 
concrete  for  the  exploratory  tunnels;  lining  for  the 
powerhouse  access  tunnel,  draft  tubes,  penstocks, 
high-voltage-cable  tunnel,  emergency  exit  tunnel,  and 
river  outlet  tunnel;  mass  concrete  placements  in  the 
machine  hall;  and  the  pneumatic  application  of  mortar 
to  the  arch  of  the  machine  hall. 

The  concrete  consisted  of  Portland  cement,  pozzo- 
lan,  sand,  coarse  aggregate,  water,  and  various  admix- 
tures. Reinforcement  consisted  of  reinforcing  steel  in 
most  concrete  placements,  welded  wire  fabric  for 
ditch  lining,  and  chain-link  fabric  for  guniting  the 
machine  hall  arch. 

All  concrete,  except  that  placed  under  the  comple- 
tion contract,  was  supplied  by  an  automatic  batch 
plant  with  three  2-cubic-yard  tilting-drum  mixers,  ca- 
pable of  producing  110  cubic  yards  of  concrete  per 
hour.  Concrete  was  transported  from  the  batch  plant 
to  the  placement  sites  using  tilting-drum  mixers  as 
agitators  only. 

In  general,  3-inch  maximum  size  aggregate  was  used 
in  all  mass  placements  in  the  machine  hall  and  right 
and  left  abutments  and  l'/2-inch  maximum  size  aggre- 


Figure   118.     Placing  Concrete  in  Left  Abutment 


Figure   119.     Left  Abutment  Intake  Concrete  Placement 

gate  for  all  remaining  placements  throughout  the 
project. 

An  aggregate  of  l'/2  inches  maximum  size  was  used 
for  all  placements  using  a  pumpcrete  machine.  For 
priming  the  slickline  and  for  placements  next  to  con- 
struction joints,  a  starter  mix  of  %-inch  maximum  size 
aggregate  plus  additional  cement  was  often  used.  For 
all  concrete  mixes,  pozzolan  was  added  at  the  rate  of 
70  pounds  per  cubic  yard. 

In  general,  mass  placements  were  cured  with  wet- 
ted burlap.  Where  practical,  the  inverts  often  were 
flooded.  The  tunnel  sections  were  cured  with  a  sprin- 
kler system.  The  ditch  lining  and  gunite  in  the  arch  of 
the  machine  hall  were  cured  by  applying  curing  com- 
pound to  the  finished  surface. 

In  the  operating  deck  and  storage  bay  areas,  early 
placements  were  made  using  a  crane  and  bucket  with 
production  rates  varying  from  9  cubic  yards  per  hour 
for  wall  placements  to  22  cubic  yards  per  hour  for 
open  footing  placements.  Early  placement  of  concrete 
by  the  highline  averaged  24  cubic  yards  per  hour.  The 
rate  of  placement  for  mass  concrete  reached  a  high  of 
48  cubic  yards  per  hour  using  a  4-cubic-yard  bucket. 
Concrete  placements  were  made  during  the  night, 
thereby  freeing  the  highline  during  the  day  for  mov- 
ing and  setting  forms  and  reinforcement  steel.  Con- 
crete on  the  right  abutment  was  placed  with  a  crawler 
crane  and  a  3-cubic-yard  bucket. 

Metal  forms  were  used  for  all  placements  requiring 
multiple  uses,  while  wooden  forms  were  constructed 
for  placements  requiring  only  limited  usage.  On  the 
left  abutment,  subinvert  concrete  was  placed  in  the 
channels  with  a  step-type  form  to  hold  concrete  on  the 
2:1  slope  (Figure  120).  The  form  was  reusable,  requir- 
ing only  four  hours  to  strip  and  reset  for  the  next 
placement.  On  both  the  right  and  left  abutments,  in- 
vert channel  placements  were  made  with  a  slip-type 
form.  The  channel  wall  placements  were  placed  in 
three  lifts  using  26-foot  -  8-inch-long  forms. 


Used  for  Subinvert  Concrete  in  Left  Abutment  Channel 


A  total  of  590  cubic  yards  of  concrete  was  placed 
within  the  various  exploratory  tunnel  branches. 
Placements  were  made  with  a  concrete  pump. 

In  the  powerhouse  access  tunnel,  12,812  cubic  yards 
of  concrete  was  placed  under  the  bid  item,  and  an 
additional  2,035  cubic  yards  were  placed  due  to  exces- 
sive overbreak.  Concrete  placements  in  the  access  tun- 
nel were  made  in  three  sections:  first,  concrete  curbs 
on  both  sides  of  the  tunnel,  then  the  concrete  invert 
and,  finally,  the  arch  and  walls  of  the  tunnel.  The 
access  tunnel  invert  had  to  be  placed  so  that  it  would 
not  interfere  with  the  initial  contractor's  work  sched- 
ule and  before  the  completion  contractor  needed  to 
haul  materials  over  it  (Figure  121).  This  was  accom- 
plished by  having  all  reinforcement  steel  made  into 
mats  and  stacked  along  the  walls  of  the  Powerplant 
ready  to  place.  Steel  header-board  forms  were  placed 
1  foot  away  from  the  existing  concrete  curbs.  The 
invert  was  then  placed  in  one  operation  using  a  high- 
way paving  machine  and  standard  finishing  train. 
High  early-strength  concrete  was  obtained  with  a  sev- 
en-sack mix. 

The  form  for  the  walls  and  arch  of  the  access  tunnel 
was  a  metal  collapsible  type,  mounted  on  rails  laid  on 
the  finished  invert.  The  form  was  designed  to  allow 
equipment  to  pass  through  it  while  in  place.  A  pump- 
crete  machine  placed  all  concrete  within  the  metal 
form. 

Total  neat-line  concrete  placed  in  the  machine  hall 
amounted  to  43,811  cubic  yards.  There  was  an  addi- 
tional 6,167  cubic  yards  of  overbreak  concrete  placed 
below  elevation  217  feet.  The  overbreak  included  599 
cubic  yards  of  geological  overbreak,  1,037  cubic  yards 
of  backfill  for  the  draft-tube  access  tunnel,  and  4,500 
cubic  yards  of  other  overbreak. 

Although  concrete  placement  in  the  machine  hall 
began  before  April  1966,  transport  of  supplies  and 
equipment  necessary  to  commence  full-scale  concrete 


operations  depended  upon  the  contractor's  comple- 
tion of  a  work  trestle.  Following  completion  of  the 
trestle,  which  was  used  as  a  platform  for  the  operation 
of  several  cranes  handling  reinforcing  bars,  forms,  and 
other  supplies  and  equipment,  a  "beltcrete"  setup  was 
employed  for  the  majority  of  the  concrete  placements. 
The  beltcrete  hopper  was  supplied  by  transit  mix 
trucks  driving  onto,  and  discharging  from,  the  trestle. 

When  concrete  placements  reached  the  point  where 
forming  was  ready  for  the  slab  at  elevation  252  feet, 
the  work  trestle  was  progressively  removed.  Place- 
ments of  the  floor  slab  were  made  by  a  concrete  bucket 
suspended  from  a  bridge  crane.  Access  onto  the  floor 
at  elevation  252  feet  was  critical,  so  a  six-sack  mix  was 
used  for  high  early  strength  for  all  floor  slab  place- 
ments. 

A  total  of  6,380  cubic  yards  of  concrete  was  placed 
in  the  draft  tubes,  of  which  1,917  cubic  yards  were 
backfill  concrete  due  to  overexcavation.  Concrete 
placements  in  the  draft  tubes  began  before  excavation 
in  the  powerhouse  was  complete.  Draft  tube  and 
draft-tube  transition  forms  were  brought  in  through 
the  draft-tube  access  tunnel  in  sections  and  assembled 
in  place. 

A  total  of  20,300  cubic  yards  of  concrete  was  placed 
within  the  penstocks,  of  which  6,900  cubic  yards  were 
backfill  concrete  due  to  overexcavation. 

Lining  the  penstock  branches  was  begun  first.  This 
involved  pumping  concrete  from  a  pumpcrete  ma- 
chine located  within  the  machine  hall  to  the  various 
penstock  branch  placements.  Full-circle  steel  forms, 
approximately  28  feet  long,  were  used  along  with 
form  vibrators  and  stingers  to  consolidate  the  con- 
crete. 

Placing  concrete  in  the  raised  sections  of  the  pen- 
stocks began  in  February  1966.  All  placements  were 
made  from  the  foot  of  the  left  abutment  intake  struc- 
ture at  elevation  613  feet.  A  pumpcrete  machine 
pumped  concrete  from  the  trucks  to  a  holding  hopper. 


Figure   121.     Access  Tunnel  Paving  Operation 
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From  the  hopper,  the  concrete  was  gravity  fed  approx- 
imately 400  feet  through  a  slickline  to  the  placement 
site.  The  rate  of  flow  in  the  slickline  was  controlled  by 
a  valve  at  the  bottom  end  of  the  line. 

The  invert  of  the  high-voltage-cable  tunnel  was 
placed  first,  followed  by  the  arch  and  wall  combined 
placements.  Arch  and  wall  placements  were  made  us- 
ing steel  collapsible  forms  and  a  pumpcrete  machine. 

Concrete  placements  within  the  emergency  exit 
tunnel  and  the  river  outlet  tunnel  totaled  2,100  cubic 
yards,  of  which  790  cubic  yards  were  overbreak  con- 
crete. 

The  invert  placements  were  completed  first,  fol- 
lowed by  the  arch  and  wall  combined  placements. 
Wooden  forms  were  used  throughout  the  river  outlet 
tunnel,  and  metal  forms  were  used  throughout  the 
emergency  exit  tunnel.  All  placements  were  made 
with  a  pumpcrete  machine. 

Pneumatically  applied  mortar  was  placed  on  the 
arch  of  the  machine  hall  (Figure  122).  Before  guni ting 
commenced,  damaged  sections  of  the  wire  mesh  were 
replaced  and  the  existing  mesh  pinned  back  to  meet 
the  contour  of  the  rock  surface  using  2-foot-long,  1- 
inch-diameter,  rock  bolts.  The  rock  surface  was  then 
washed  down  with  an  air-water  jet  gun.  Oil  was 
removed  from  the  surface  by  sandblasting.  Previously 
drilled  holes  were  plugged  to  prevent  filling  with  gun- 
ite. 

Gunite  was  placed  best  when  applied  in  several 
scratch  coats  before  placing  the  final  coat.  Curing  was 
with  water  between  coats  and  a  curing  compound  on 
the  final  coat.  As  the  various  scratch  coats  of  gunite 
were  applied,  the  gunite  tended  to  separate  from  the 
rock.  As  the  guniting  proceeded,  the  amount  of  voids 
behind  the  gunite  became  considerable. 

Apparently,  the  initial  application  of  mortar  stuck 
to  the  rock  surface.  A  considerable  amount  of  rebound 
off  the  closely  spaced  chain-link  fabric  also  clung  to 
the  surface;  and,  as  additional  mortar  was  applied,  the 


load  became  too  heavy  for  the  low  cohesive  strength 
of  the  rebound  or  deflected  material,  and  the  gunite 
separated.  Repair  to  the  machine  hall  arch  gunite  in- 
volved installing  5-foot  groutable  rock  bolts,  tensioned 
to  1,000  pounds,  in  a  4-foot  pattern.  To  prevent  pres- 
sure buildup  behind  the  gunite  lining,  grouting  pres- 
sures were  limited  to  less  than  10  psi.  Testing  was 
done  by  sounding  and  by  drilling  3-inch  core  samples. 
After  the  repair  work  was  completed,  wet  areas  were 
drilled  to  relieve  any  static  pressure  or  potential  stat- 
ic pressure  that  might  build  up  later.  Approximately 
2,450  bolts  were  installed  in  the  arch,  and  1,100  sacks 
of  cement  was  used  in  grouting. 

There  were  three  main  types  of  concrete  placed  on 
the  completion  contract:  structural  concrete,  encase- 
ment concrete,  and  miscellaneous  concrete.  The  major 
items  under  structural  concrete  included  all  buildings, 
the  114-inch  spherical-valve  platforms,  the  high-volt- 
age-cable gallery  and  tunnel,  the  access  tunnel  portal, 
the  control  cable  tunnel,  and  the  emergency  generator 
vault.  Encasement  concrete  included  concrete  for  en- 
casing the  upper  portion  of  draft  tubes,  stay  and  dis- 
charge rings,  scroll  cases,  and  pit  liners  (Figure  123). 
Miscellaneous  concrete  included  concrete  for  side- 
walks; gutters;  curbs;  bases  for  light  standards;  switch 
operating  platforms;  and  encasement  of  pipe,  electri- 
cal conduit,  and  gas  purge  tube.  The  concrete  was 
dry-batched  at  facilities  in  Oroville  and  transported  to 
the  job  site  in  rear-dump  trucks.  The  water  and  liquid 
admixtures  were  added  at  the  job  site  and  the  concrete 
mixed  in  a  dual-drum  paver.  This  arrangement  pro- 
duced approximately  60  cubic  yards  per  hour  under 
optimum  conditions. 

Mechanical  Installations 

Oroville  Powerplant  (Specification  No.  63-06). 
The  principal  mechanical  work  performed  included 
furnishing  and  installing  steel  penstock  liners,  draft- 
tube  gates,  hoist  and  lifting  beam,  and  embedded  pip- 


Figure  122.     Guniting  Arch  of  Powerhouse 


Figure   123.     Concrete    Placement   Around   Scroll   Case   and    Turbine   Pit 
Liner  of  Unit  No.  1 
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ing;  installing  draft-tube  liners  and  piers,  penstock 
transition  sections,  and  two  200-ton  cranes  all  fur- 
nished by  the  Department;  and  furnishing  and  install- 
ing miscellaneous  mechanical  equipment. 

Six  penstock  branch  liners,  each  12  feet  in  diameter 
and  approximately  100  feet  long,  were  installed  from 
the  powerplant  upstream  side  to  convey  water  from 
the  two  concrete-lined  penstock  shafts  to  the  turbines. 

The  penstock  branch  liners  were  fabricated  from 
1 '/2-inch  steel  in  three  sections  per  unit  and  weighed 
approximately  78,000  to  86,000  pounds  each,  depend- 
ing on  length  of  the  section  (Figure  124).  They  were 
loaded  on  steel  skids,  taken  into  the  machine  hall,  and 
placed  on  rollers  in  the  penstock  branch  tunnels. 
Welding  was  from  inside  the  liners  and,  after  a  quarter 
of  the  circumference  was  welded,  the  sections  were 
rotated  on  the  rollers  making  another  quarter  of  the 
circumference  available  to  the  welders.  After  welding, 
X-rays  were  taken  and  deficiencies  corrected.  When 
welding  was  completed,  piezometer  taps  and  salt-ve- 
locity electrode  stations  were  installed,  and  the  areas 
around  the  steel  liners  were  backfilled  with  concrete. 

After  the  liner  section  of  each  unit  was  concreted, 
the  transition  section  was  brought  into  the  machine 
hall.  These  six  low-carbon,  alloy,  heat-treated  sections 
weighed  approximately  55,000  pounds  each  and  were 
cribbed  into  position  for  welding  to  the  liners.  The 
elevation  and  alignment  of  the  flanged  face  of  these 
transitions  were  held  within  '/!2  of  an  inch  to  theoreti- 
cal location  after  being  welded  to  the  liners.  Welding 
of  the  transition  section  to  the  liners  tended  to  cause 
distortion  in  the  welded  joint,  forcing  the  flange  out 
of  alignment.  It  was  discovered  that  by  simultaneous- 
ly welding  two  Ya  sections  of  circumference  directly 
opposite  each  other,  the  distortion  problem  was  elimi- 
nated and  the  necessary  close  tolerance  was  achieved. 
The  welds  were  X-rayed  and  any  deficiencies  correct- 
ed. 


The  six  draft-tube  liners  were  fabricated  from  1- 
inch  steel  in  eight  sections  per  unit.  The  eight  sections 
were  fitted  and  welded  in  the  contractor's  assembly 
yard  into  the  maximum  size  that  could  be  trucked  into 
the  machine  hall.  These  were  lowered  into  place  from 
the  work  trestle  by  the  construction  bridge  cranes. 
After  the  lower  sections  were  aligned,  piezometer  taps 
installed,  and  piping  connections  made,  the  unit  was 
embedded  in  concrete.  The  upper  sections  were  then 
brought  into  the  machine  hall,  aligned,  and  welded  to 
the  lower  sections.  During  installation  of  the  draft- 
tube  gates  and  guides,  it  was  discovered  that  the  allow- 
able tolerances  of  the  head  seals  were  exceeded  by  as 
much  as  '/,  of  an  inch.  This  was  remedied  by  applying 
an  epoxy  formulation  consisting  of  approximately 
80%  steel  and  20%  plastic.  It  was  applied  to  the  gate 
head  seal  areas  and  formed  an  extremely  strong,  dura- 
ble, and  rigid  metallic  mass.  After  the  plastic  steel  was 
applied,  it  was  ground  to  provide  the  required  seal. 

The  draft-tube  gate  hoist,  drainage  and  submersible 
pumps,  oil  storage  tanks,  elevator,  and  two  200-ton 
powerhouse  cranes  were  installed  without  mechanical 
problems. 

Penstock  Intake,  Left  Abutment  Oroville  Power- 
plant  (Specification  No.  65-52).  The  principal  me- 
chanical work  was  the  completion  of  the  Edward 
Hyatt  Powerplant  left  abutment  penstock  intake.  The 
following  principal  features  were  included:  two  tem- 
porary bulkheads;  two  penstock  intake  gates,  com- 
plete with  tracks,  seal  seat  frames,  rails,  carriages,  and 
operators;  one  intake  gate  lifting  beam;  one  penstock 
intake  gate  gantry  hoist,  complete  with  rails;  one  con- 
trol shutter  gantry  crane,  complete  with  rails;  one 
control  shutter  lifting  beam  and  rails  for  two  intakes; 
and  a  control  room.  The  work  also  included  the  assem- 
bling, installing,  and  testing  of  control  shutters  and 
trashracks  (Figures  125  and  126). 


Figure   124.      Penstock  Branch  No.  6  With  Steel  Liner  in  Place 


Figure   125.      Rolling   Scaffold    Used   for    Forming   and   Concrete   Embed- 
ment of  Shutter  Rail 
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Figure   126.      Penstock  Intake  No.  1   Gate  in   Position  on    Its  Carriage — 
Gate  Roller  Trains  Are  Installed 


Figure   127.      Intake  No.  1   Valve  and  Body  Halves  Prior  to  Assembly 


Completion  of  Oroville  Powerplant  (Specification 
No.  66-32).  The  principal  features  of  mechanical 
work  performed  under  Specification  No.  66-32  includ- 
ed: piping,  air  compressor  systems,  heating,  ventilat- 
ing and  air  conditioning,  fire  protection  system, 
domestic  water  and  sewage  disposal  systems,  emer- 
gency generator,  oil-handling  equipment,  trashracks, 
hoists,  and  installation  of  the  114-inch  spherical  valves 
(Figure  127). 

The  fabrication  and  installation  of  the  various  fea- 
tures were,  in  general,  routine.  One  notable  change 
involved  the  114-inch  sperical  valves.  The  12  valve 
body  halves  and  6  plug  castings  were  poured  by  Janu- 
ary 26,  1966.  About  34,444  square  inches  of  stainless- 
steel  overlay  was  applied  to  the  six  valves.  Major  de- 
fects were  removed,  outlined,  located,  and  dimen- 
sioned on  sketches  sent  to  the  Department  for 
evaluation  of  repairs  and  approval  of  repairs  and 
procedures.  As  the  work  progressed,  and  with  the 
number  of  imperfections  being  noted,  it  became  evi- 
dent that  the  commercial-grade  castings  specified 
were  not  going  to  meet  the  needed  requirements.  To 
eliminate  possibility  of  valve  failure  and  extreme 
plant  damage,  it  was  decided  to  upgrade  the  castings 
to  X-ray  quality,  and  the  manufacturing  of  the  valves 
was  successfully  completed. 

Furnishing  and  Installing  Turbines  and  Pump- 
Turbines  (Specification  No.  63-05).  The  principal 
mechanical  work  was  the  manufacture  and  installa- 
tion of  three  161,000-horsepower  hydraulic  turbines 
and  three  173,000-horsepower  pump-turbines,  each 
complete  with  spiral  case,  spiral  case  extension,  draft- 
tube  pier,  draft-tube  liner,  and  appurtenant  parts. 

Furnishing  and  Installing  Generators  and  Motor- 
Generators  (Specification  No.  64-16) .      The  principal 


mechanical  work  was  the  fabrication,  installation,  and 
field  testing  of  three  123,157-kYA  generators  and 
three  115,000-kYA  motor-generators. 

The  fabrication  and  installation  of  the  equipment 
was  routine,  and  no  notable  problems  occurred  other 
than  those  often  encountered  in  the  fabrication  and 
installation  of  large  turbines  and  generators  (Figure 
128). 

Electrical  Installations 

The  principal  work  was  done  under  Specifications 
Nos.  63-06  and  66-32.  The  electrical  work  required  the 
furnishing  and  installation  of  large  quantities  of  wir- 
ing, lighting  fixtures,  conduit,  cable  trays,  and  miscel- 
laneous electrical  accessories.  These  installations  were 
routine,  and  no  notable  problems  occurred. 

Oroville  Powerplant  (Specification  No.  63-06).  In 
general,  the  work  consisted  of  furnishing  and  install- 
ing conduit  and  grounding  systems  which  were  em- 
bedded in  the  powerhouse  and  intake  structure 
first-stage  concrete;  all  embedded  and  exposed  con- 
duits, lighting  fixtures,  panel  boards,  and  accessories 
for  the  powerhouse  lighting  system;  all  embedded  in- 
serts for  supporting  cable  travs  and  power-cable  con- 
duit in  the  powerhouse,  access  tunnel,  and  cable 
tunnel;  and  the  crane  collector  rail. 

Completion  of  Oroville  Powerplant  (Specification 
No.  66-32).  The  principal  features  of  the  electrical 
work  included  conduit,  lighting,  and  grounding  sys- 
tems; communication  systems;  230-kY  pipe-type  cable 
systems;  and  switchyard  facilities.  It  entailed  all  instal- 
lations to  complete  the  electrical  svstem  for  the  pow- 
erhouse, switchyard,  control  building,  and 
appurtenant  structures. 
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Figure    128.     Lowering  First  Section  of  Stator  on  Soleplates  in  Generator  Pit  No.  1 
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The  following  engineering  drawings  may  be  found  in  consecutive  order  im- 
mediately after  this  reference  (Figures  129  through  173). 
Figure 
Number 

129  Trashracks 

130  Penstock  Intake — Shutter 

1 3 1  Penstocks 

132  Penstock  Transition 

133  Rock  Reinforcement 

134  Craneway  Layout 

135  Generator  Room — Plan — Elevation  252.0 

136  Switchgear  Gallery — Plan — Elevation  234.0 

137  Turbine  Floor — Plan — Elevation  217.0 

138  Centerline  of  Distributor — Plan — Elevation  205.0 

139  Access  Gallery— Plan— Elevation  188.0 

140  Dewatering  Gallery — Plan — Elevation  171.0 

141  Transverse  Section — Units  Nos.  1  and  2 

142  Transverse  Section — Units  Nos.  3,  4,  5,  and  6 

143  Miscellaneous  Tunnels 

144  Control  Building  Site  Plan 

145  Tunnels — Architectural 

146  Pump-Turbine — Distributor  Section 

147  Turbine — Distributor  Section 

148  Turbine — Distributor  Plan 

149  Pump-Turbine — Distributor  Plan 

150  Penstock  Valve — Hydraulic  Control  Diagram 

151  Hydraulic  Turbine  Governors 

152  Raw  Water  System 

153  Raw  Water  System  (Continued) 

154  Unit  Cooling  System 

155  Lube  and  Transformer  Oil  System 

156  Intake  Gate  Operator — Hydraulic  Control  Diagram 

157  Intake  Gate  Operator — Power  Unit 

158  Plant  Switching  Diagram 

159  Single-Line  Diagram — Part  1 

160  Single-Line  Diagram — Part  2 

161  Single-Line  Diagram — Part  3 

162  Single-Line  Diagram — Part  4 

163  230-kV  Pipe  Cable — General  Arrangement 

164  230-kV  Pipe  Cable— Plan  and  Profile 

165  230-kV  Pipe  Cable — Plan  and  Sections 

166  230-kV  Pipe  Cable — Plan  and  Sections — Different  Location 

167  Switchyard — General  Arrangement 

168  Switchyard — Sections 

169  Generator  and  Turbine  Unit  Boards 

170  13.8-kV  Switchgear 

171  13.8-kV  Distribution  System — Single-Line  Diagram 

172  Switchyard  Control  Console  and  Relay  Board 

173  Grounding  Diagram 
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Figure   129.     Trashrack 
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Figure   130.      Pensfock  Intake — Shutter 
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Figure   131.     Penstocks 
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Figure   132.      Penstock  Transition 
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Figure   134.     Craneway  Layout 
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Figure   135.      Generator  Room — Plan — Elevation  252.0 
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Figure   136.      Switchgear  Gallery — Plan — Elevation  234.0 


102 


Figure   137.     Turbine  Floor— Plan— Elevation  217.0 
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Figure   138.     Centerline  of  Distributor — Plan — Elevation  205.0 


104 


\ 


fc 


\LBx 


■■ 


i 


| 

If 


«^    ' 


-. 


..     4 


]     kg   ■■'!     j}L 


Figure   139.      Access  Gallery— Plan— Elevation  188.0 
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Figure   140.      Dewatering  Gallery — Plan — Elevation  171 .0 


106 


Hi 


m\ 


Figure   141.     Transverse  Section — Units  Nos.  1  and  2 
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Figure   142.     Transverse  Section — Units  Nos.  3,  4,  5,  and  6 
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Figure   144.     Control  Building  Site  Plan 
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Figure   145.     Tunnels— Architectural 
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Figure   146.      Pump-Turbine — Distributor  Section 
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Figure   147.     Turbine — Distributor  Section 
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Figure   148.     Turbine — Distributor  Plan 
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Figure   149.      Pump-Turbine— Distributor  Plan 
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Figure    150.      Penstock  Valve— Hydraulic  Control  Diagra 
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Figure   151.      Hydraulic  Turbine  Governors 
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Figure   153.      Raw  Water  System  (Continued) 
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Figure   154.      Unit  Cooling  Syste 
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Figure   155.     Lube  and  Transformer  Oil  Systen 
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Figure   156.      Intake  Gate  Operator — Hydraulic  Control  Di 
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Figure   157.     Intake  Gate  Operator— Power  Unit 
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Figure    158.      Plant  Switching  Diogran 
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Figure   159.     Single-Line  Diagram— Part  1 
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Figure   160.     Single-Line  Diagram — Part  2 
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Figure   161.     Single-Line  Diagrom — Part  3 
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Figure   162.     Single-line  Diagram — Part  4 
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Figure   163.     230-kV  Pipe  Cable — General  Arrangement 
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Figure   164.     230-kV  Pipe  Cable—  Plan  and  Profile 


130 


Figure   165.     230-kV  Pipe  Cable— Plan  and  Sections 
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Figure    166.     230-kV  Pipe  Cable — Plan  and  Sections — Different  Location 
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Figure   167.     Switchyard — General  Arrangement 
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Figure   168.     Switchyard — Sections 
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Figure    169.      Generator  and  Turbine  Unit  Boards 
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Figure   170.      13.8-kV  Swilchgear 
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Figure   171.      13.8-kV  Distribution  System— Single-Line  Diag 
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Figure   172.      Switchyard  Control  Console  and  Relay  Board 
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Figure    173.      Grounding  Diag 
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Figure   174.      Location  Mop — Thermalito  Powerplant 
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CHAPTER  III.    THERMALITO  POWERPLANT 


General 

Location 

Thermalito  Powerplant  is  located  approximately  4 
miles  west  of  the  City  of  Oroville,  Butte  County.  Ac- 
cess to  the  Powerplant  is  by  a  road  connecting  to  Tres 
Vias  Road,  an  extension  of  Grand  Avenue  which  leads 
from  Oroville. 

Purpose 

The  Powerplant  is  a  principal  feature  of  the  Hyatt- 
Thermalito  pumped-storage  power  complex.  Princi- 
pal features  of  the  power  complex  are  Lake  Oroville 
and  Oroville  Dam,  Edward  Hyatt  Powerplant,  Ther- 
malito Diversion  Dam,  Thermalito  Power  Canal, 
Thermalito  Forebay,  Thermalito  Powerplant,  and 
Thermalito  Afterbay  (Figure  174). 


Thermalito  Powerplant  is  a  pumping-generating 
plant  consisting  of  three  vertical-shaft  Francis-type 
pump/turbines  and  one  vertical-shaft  Kaplan-type 
turbine,  with  a  total  power  output  of  1 19.6  megawatts 
(MW). 

The  plant  is  operated  in  tandem  with  Edward 
Hyatt  Powerplant  to  produce  725  MW  of  dependable 
capacity.  Water  releases  for  power  in  excess  of  local 
and  downstream  requirements  are  conserved  by 
pump  back  during  off-peak  hours  through  both  pow- 
erplants  into  Lake  Oroville  to  be  subsequently 
released  for  power  generation  during  periods  of  peak 
power  demand. 

The  Powerplant  was  constructed  during  the  period 
1964-1969  and  began  operation  in  1968  (Figure  175). 


Figure   175. 


-Thermalito  Powerplant 
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Description 

Thermalito  Powerplant  is  an  indoor  type  with  an 
in-line  arrangement  of  units.  Four  unit  bays  house 
three  reversible  pumping-generating  units  and  one 
generating  unit.  A  fifth  bay,  located  at  the  easterly  end 
of  the  plant,  houses  a  bypass  structure  and  a  service 
bay  (Figure  176). 

Immediately  upstream  of  the  plant  is  a  massive,  re- 
inforced-concrete,  headworks  structure  with  pen- 
stocks, penstock  intakes,  and  bypass.  At  the  easterly 
end  of  the  headworks,  the  structure  abuts  the  ap- 
proach channel  wingwall  which  is  an  integral  portion 
of  the  forebay  dam.  On  the  westerly  end,  the  head- 
works  abuts  the  approach  channel  dam. 

The  entire  substructure  of  the  Powerplant  and 
headworks  is  351  feet  -  6  inches  long  and  302  feet-  I 
inch  wide.  The  steel-frame  superstructure  is  the  same 
length  and  64  feet  wide.  Height  of  the  plant  from  the 
centerline  of  the  distributor  to  the  top  of  the  generator 
floor  is  44  feet  and  from  the  top  of  the  generator  floor 
to  the  top  of  the  steel  frame  is  44  feet.  The  following 
tabulation  contains  pertinent  data  for  the  Powerplant. 
Representative  drawings  are  included  at  the  end  of 
this  chapter. 

Water  Surface 
Thermalito  Forebay 
High  Water  Surface  Elevation  226.0  feet 

Low  Water  Surface  Elevation  222.0  feet 

Thermalito  Afterbay 
High  Water  Surface  Elevation  136.5  feet 

Low  Water  Surface  Elevation  123.0  feet 


Architectural  Design 

Thermalito  Powerplant  conforms  to  the  State  Wa- 
ter Project  architectural  motif.  This  plant  was  de- 
signed prior  to  the  legislative  adoption  of  Title  24, 
"Building  Standards"  and,  therefore,  its  architectural 
design  was  based  upon  other  criteria.  Additional  ar- 
chitectural criteria  are  given  in  Chapter  I  of  this  vol- 
ume and  in  Volume  VI  of  this  bulletin. 


Geology 

Areal  Geology 

The  geologic  setting  of  the  area  consists  of  a  series 
of  basalt  flows  partially  overlain  by  continental  sedi- 
ments of  the  Red  Bluff  formation  and  underlain  at 
depth  by  stiff  clays  and  clean  sands  of  the  lone  forma- 
tion. The  basalt  flows,  which  form  the  Campbell 
Hills,  are  made  up  of  three  separate  members  desig- 
nated Lower,  Middle,  and  Upper.  Two  interflow  lay- 
ers of  volcanic  sediments,  including  basalt  rubble, 
separate  the  basalt  flows.  The  Lower  Interflow  be- 
tween the  Lower  and  Middle  Basalt  Flows,  is  wide- 
spread throughout  the  powerplant  excavation.  The 
Upper  Interflow  was  encountered  only  in  the  area  of 
the  approach  channel  dam.  Basalt  rubble  overlies  the 
basalt  flows  in  scattered  areas  and  fills  shear  zones  in 
the  basalt.  Moderately  compact  sediments  of  the  Red 
Bluff  formation  overlie  both  the  flows  and  rubble  in 
a  wedge  thickening  to  the  southeast  (Figure  177). 
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Figure   177.     Geology  at  Thermalito  Powerplani 
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Site  Geology 

The  basalt  flows  are  transected  at  about  20-foot  in- 
tervals by  nearly  vertical  regional  joints  which  strike 
northeast.  Joints  exposed  in  the  foundation  are  com- 
pletely filled  with  clay  and  amorphous  silica.  Water 
tests  conducted  during  grouting  indicated  that  they 
are  tight. 

Design  exploration  disclosed  a  major  shear  zone 
crossing  the  site  parallel  to  regional  jointing  and  dip- 
ping 74  degrees  northwest.  Location  of  the  Power- 
plant  was  designed  to  avoid  this  shear  zone  and  to 
found  the  plant  on  basalt  with  minimum  rock  excava- 
tion. Final  design  placed  the  plant  on  the  down- 
thrown  side  of  the  shear  with  articulated  penstocks 
bridging  the  shear  to  an  intake  structure  on  the  up- 
thrown  side  (Figure  177).  During  excavation,  howev- 
er, a  second  shear  zone  was  encountered  lying  about 
parallel  to,  and  40  to  60  feet  northwest  of,  the  first 
shear  zone.  Removal  of  unstable  rubble  between  the 
two  shears  left  the  toe  of  the  planned  intake  structure 
near  the  edge  of  a  25-foot-high  nearly  vertical  bluff. 
To  ensure  stability,  the  intake  structure  and  penstocks 
were  redesigned  to  place  the  intake  30  feet  farther 
back  from  the  bluff. 

Basalt  in  the  foundation  is  mostly  fresh  to  slightly 
weathered  but  includes  some  moderately  weathered 
rock  in  areas  of  intense  fracturing.  The  Lower  Inter- 
flow in  most  areas  is  basalt  breccia  in  a  matrix  of 
amorphous  material.  In  some  exposures,  however,  it 
consists  of  soft  cemented  sand  or  dense  silt  and  clay. 

Geologic  Exploration 

Design  exploration  for  Thermalito  Powerplant  was 
done  from  April  to  October  1960  and  from  January 
1963  to  March  1964.  During  these  periods,  the  design 
location  of  the  plant  was  moved  several  times  as  sub- 
surface geologic  conditions  became  better  known.  In- 
terpretation of  the  complex  geology  required 
geophysical  exploration,  core  drilling,  and  construc- 
tion of  a  peg  model. 

Instrumentation 

To  monitor  the  forces  acting  on  and  within  the 
headworks  structure,  Intake  Block  No.  3  and  the 
bypass  block  of  the  headworks  were  instrumented. 
These  instruments  consist  of  uplift  cells  to  determine 
uplift  pressure  along  the  contact  plane  between  the 
concrete  and  rock,  soil  stress  meters  along  the  contact 
plane  of  concrete  and  soil,  and  stress  and  strain  meters 
to  monitor  any  changes  in  concrete  stress  near  the 
foundation  and  at  critical  points  within  the  structure. 
These  meters  also  are  used  to  measure  temperature 
changes  within  the  structures  to  accurately  estimate 
the  effects  of  thermal  stresses  within  the  more  massive 
portions  of  the  blocks. 

Seismicity 

The  Powerplant  is  in  an  area  that  is  considered 
seismically  active  but  generally  not  considered  suscep- 


tible to  major  earthquakes.  All  elements  of  the  plant, 
including  the  structure  and  critical  mechanical  and 
electrical  equipment,  were  designed  to  withstand 
moderate  earthquake  forces  (i.e.,  O.lg). 

Civil  Features 

Preliminary  Studies 

Preliminary  design  of  Thermalito  Powerplant  was 
closely  coordinated  with  studies  of  Edward  Hyatt 
Powerplant  since  the  two  plants  were  to  operate  in 
tandem.  Unit  selection  was  influenced  to  a  large  de- 
gree by  Edward  Hyatt  Powerplant  operation  and  the 
location  of  an  afterbay  of  adequate  capacity  to  permit 
pump-storage  operation.  Final  siting  was  influenced 
further  by  the  geology  of  the  area.  Preliminary  design 
consequently  involved  only  the  study  of  alternative 
schemes  for  the  structure. 

During  the  course  of  the  studies,  four  schemes  were 
conceived  and  investigated  for  feasibility  and  econ- 
omy. Scheme  No.  1  consisted  of  the  powerhouse  sepa- 
rated from  the  intake  structure  and  connected  by  long 
reinforced-concrete  penstocks.  Scheme  No.  2  was  a 
close-coupled  arrangement  of  the  powerhouse  and  in- 
take structure  with  the  penstock  as  an  integral  part  of 
the  structure.  Scheme  No.  3  was  a  monolithic  struc- 
ture incorporating  the  intake  with  the  powerhouse, 
making  the  shortest  possible  structure.  Scheme  No.  4 
was  similar  to  Scheme  No.  1  except  that  the  penstocks 
were  shortened  for  increased  economy  (Figure  177). 
This  last  scheme  was  adopted  as  being  the  most  eco- 
nomical and  suitable  to  the  geologic  conditions. 

Site  Development  and  Drainage 

The  plant  is  situated  on  the  side  of  a  hill  and  did  not 
require  major  bowl  excavation  for  its  construction. 
This  site  was  best  from  the  standpoint  of  the  geology 
as  mentioned  earlier  and  readily  accommodated  the 
forebay  and  afterbay  configurations.  The  headworks 
of  the  plant  is  located  at  the  westerly  end  of  the  fore- 
bay  dam  and  forms  an  integral  portion  of  it. 

The  major  elements  of  site  development  for  the 
plant  consisted  of  access  roads,  parking  area,  sewage 
disposal  facilities,  potable  water  supply,  and  site 
drainage. 

A  paved  road  was  constructed  to  provide  access  to 
the  site  from  Tres  Yias  Road.  Other  roads  branch 
from  this  road  and  provide  access  to  various  areas  of 
the  facilities.  At  the  easterly  end  of  the  plant,  a  paved 
parking  and  turnaround  area  was  provided  for  vehicu- 
lar traffic. 

Sewage  facilities  consist  of  a  septic  tank  and  two 
seepage  pits  located  southeast  of  the  plant.  Raw  sew- 
age is  ejected  by  air  from  tanks  in  the  plant  to  the 
septic  tank,  where  it  undergoes  treatment  process.  Ef- 
fluent from  the  septic  tank  discharges  into  the  seepage 
pits.  Potable  water  is  obtained  from  a  fresh  water  well 
located  near  the  entrance  to  the  site. 

Site  drainage  is  a  minor  concern  at  this  plant  with 
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only  local  drainage  being  collected  and  routed  around 
the  area.  Most  runoff  from  the  hillside  behind  the 
plant  either  discharges  into  the  forebay  or  is  diverted 
to  the  west  by  natural  channels.  The  runoff  that 
drains  toward  the  plant  from  natural  and  cut  slopes  is 
collected  in  ditches  at  the  bottom  of  the  slopes  and 
drained  to  the  tailrace  channel  through  culverts. 

To  relieve  potential  uplift  pressures  under  the  in- 
take structure,  drain  holes  were  drilled  from  the  grout 
gallery  and  angled  downstream  from  the  grout  cur- 
tain. Holes  were  drilled  passing  through  the  pervious 
zone  adjacent  to  the  Lower  Interflow  material  and 
approximately  5  feet  into  hard  rock  of  the  Lower  Ba- 
salt Flow.  Drainage  from  these  holes  is  collected  in  a 
trench  in  the  headworks  inspection  gallery  and  dis- 
charged into  the  bypass. 

Powerhouse  Layout  and  Design 

The  plant  consists  of  the  headworks  structure,  four 
penstocks,  bypass  structure,  powerhouse  structure, 
four  generating  units,  and  plant  equipment. 

As  previously  mentioned,  this  plant  is  operated  on 
essentially  the  same  schedule  as  Edward  Hyatt  Power- 
plant.  The  normal  operating  flow  for  generation  is 
13,500  cubic  feet  per  second  (cfs)  with  a  maximum  of 
16,500  cfs.  The  normal  pumping  flow  is  6,000  cfs  with 
two  of  the  three  pump-turbines  matching  the  pump- 
back  capability  at  Edward  Hyatt  Powerplant.  Motor- 
driven  hoists  raise  and  lower  the  draft-tube  trashracks 
in  order  to  have  them  out  of  the  opening  during  the 
generation  cycle  and  in  place  during  the  pumping 
cycle.  Four  steel  bulkhead  gates  for  the  draft-tube  en- 
trances allow  dewatering  the  units  and  draft  tubes  for 
maintenance. 

Powerhouse  Structure.  The  substructure  of  the 
powerhouse  was  constructed  of  reinforced  concrete 
with  four  unit  bays  and  the  bypass-service  bay  block. 
The  superstructure  was  constructed  of  rigid  steel 
frames  enclosed  with  precast  concrete  panels  integrat- 
ed with  a  concrete  block  wall  system  and  a  metal  roof 
deck  with  built-up  roofing.  The  superstructure  is 
structurally  independent  within  each  bay. 

The  switchyard  is  located  between  the  headworks 
structure  and  the  powerhouse  proper,  utilizing  a  por- 
tion of  the  top  deck  of  the  powerhouse  substructure. 
The  dead-end  towers,  takeoff  towers,  bus-support 
towers,  and  disconnect-switch  towers  were  construct- 
ed with  structural  tubing  that  gives  the  switchyard  a 
streamlined  look.  Firewalls,  constructed  of  8-inch  re- 
inforced-hollow-concrete  block,  separate  the  trans- 
formers and,  in  addition,  support  the  switchgear. 

Under  normal  operating  conditions,  nearly  the  en- 
tire flow  from  Edward  Hyatt  Powerplant  passes 
through  Thermalito  Powerplant.  It  is  imperative  that 
an  emergency  shutdown  at  Thermalito  will  not  neces- 
sitate a  shutdown  of  Hyatt.  To  prevent  such  a  shut- 
down, a  bypass  structure  was  built  to  pass  a  maximum 
of  10,000  cfs  of  the  flow  from  Edward  Hyatt  Power- 
plant  into  Thermalito  Afterbay.  This  bypass  was  also 


designed  to  pass  controlled  releases  up  to  3,200  cfs  for 
local  and  downstream  use  when  Thermalito  Power- 
plant  is  shut  down.  The  flow  from  the  bypass  goes 
underneath  the  service  bay  structure,  which  was  con- 
structed utilizing  the  bypass  walls  as  support. 

A  unique  feature  of  the  powerhouse  design  is  the 
provision  for  adding  future  units.  To  accommodate  a 
future  addition,  the  west  end  of  the  structure  was 
provided  with  shear  keys,  embedded  water  stops,  and 
knockout  panels.  This  future  extension  will  be  in  a 
westerly  direction,  with  the  number  of  units  to  be 
determined  by  matching  the  flow  requirements  of  ad- 
ditional units  at  Oroville  Dam. 

Design  Considerations.  Design  and  location  of 
the  plant  were  determined  by  the  overall  stability  re- 
quirements of  the  powerhouse  and  headworks  struc- 
tures, economy  in  concrete  and  excavation  quantities, 
penstock  lengths,  and  hydraulic  efficiency. 

Plant  dimensions  were  held  to  a  minimum  taking 
into  consideration  water  passages,  unit  size,  auxiliary 
equipment,  and  minimum  safe  structural  member 
sizes. 

Safety  of  the  plant  structure  and  the  forebay  dam 
was  considered  in  the  evaluation  of  the  plant  location 
in  relationship  to  the  dam.  Factors  such  as  head  and 
tailwater  surfaces,  foundation  conditions,  dam  type 
and  stability,  and  tailrace  channel  slopes  were  the 
critical  items  in  the  safety  analysis. 

All  structural  elements  were  designed  to  withstand 
expected  forces  which  include  dead  and  live  loads, 
lateral  loads,  hydrostatic  pressure,  equipment  load- 
ings, and  other  special  loadings. 

Foundation  Design  Considerations.  Because  of 
its  massive  weight,  the  structure  required  a  sound 
foundation.  Consequently,  the  powerhouse  was 
founded  on  the  Middle  Basalt  Flow  and  the  Lower 
Interflow  on  the  downthrown  side  of  the  shear  zone. 
The  penstocks  and  bypass  were  founded  on  the  Mid- 
dle Basalt  formation  and  bridge  two  shear  zones  be- 
tween the  plant  and  the  headworks.  To  accommodate 
any  possible  differential  settlement,  the  penstocks 
connecting  the  powerhouse  and  headworks  structure 
are  articulated  at  both  ends. 

During  design,  it  was  determined  that  the  Middle 
Basalt  was  adequate  for  the  foundation,  but  there  was 
some  doubt  with  regard  to  the  structural  adequacy  of 
the  Lower  Interflow  material.  The  necessity  for  exca- 
vation of  this  material  and  its  replacement  by  backfill 
concrete  were  studied  and,  as  a  result,  this  decision 
was  deferred  until  excavation  reached  elevation  72 
feet.  After  studying  the  results  of  plate  bearing  tests 
as  well  as  inspection  of  the  foundation  surface,  core 
boring  samples,  and  an  exploration  trench,  the  foun- 
dation at  elevation  72  feet  was  determined  to  be  satis- 
factory. 

Headworks  Structure  Layout  and  Design 

General.  The  headworks  is  a  reinforced-concrete 
gravity    structure    consisting    of    four    70-foot-wide 
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blocks  that  serve  as  intakes  for  the  four  penstocks.  A 
fifth  70-foot-wide  block  serves  as  a  part  of  the  bypass 
facilities. 

Each  intake  is  formed  by  a  transition  within  the 
length  of  the  structure  from  a  double  rectangular  sec- 
tion to  a  circular  section  matching  the  size  of  the  pen- 
stocks. Each  intake  is  equipped  with  trashracks  and 
provisions  for  gates  and  stoplogs.  Two  fixed-wheel 
gates  and  a  bulkhead  gate  were  provided  for  closing 
off  three  units  at  a  time. 

Vehicular  access  to  the  top  of  the  headworks  is 
along  the  crest  of  the  forebay  dam,  and  personnel  ac- 
cess to  the  powerhouse  is  available  by  means  of  a  cat- 
walk and  stairway  on  the  bypass  block.  A  75-ton 
gantry  crane  serves  the  top  deck  of  the  structure  and 
operates  the  gates  and  trashracks. 

Model  Studies.  An  experimental  study  of  the  hy- 
draulic performance  of  the  Thermalito  Powerplant 
intake  was  made  at  the  Hydraulic  Laboratories  of  the 
Department  of  Water  Science  and  Engineering  of  the 
University  of  California,  Davis.  Due  to  geologic  con- 
ditions, the  approach  channel  was  designed  parallel  to 
the  headworks,  resulting  in  a  90-degree  flow  angle 
change  before  entering  the  penstock  intakes. 

Although  the  plant  was  designed  for  reversible  op- 
eration, only  the  study  of  generation  flow  patterns 
was  deemed  necessary.  Tests  on  a  1:30  scale  model 
were  conducted  primarily  to  determine  hydraulic  per- 
formance of  the  approach  channel,  penstock  and 
bypass  intakes,  bypass  spillway  and  roller  bucket,  and 
tailrace. 

Flow  conditions  in  the  approach  area  to  the  pen- 
stocks for  the  initial  design  configuration  were  un- 
satisfactory at  high  flows.  Of  particular  significance 
was  the  circulation  immediately  in  front  of  the  pen- 
stock intakes  which  established  transverse  currents 
parallel  to  the  headworks.  These  currents  were  par- 
tially responsible  for  the  development  of  vortices 
which  formed  over  the  penstock  entrances  causing 
entrained  air  to  enter  the  penstocks.  A  permanent 
large  vortex,  fully  aerated,  formed  at  the  entrance  to 
the  bypass  spillway  when  it  was  in  operation. 

No  single  factor  was  solely  responsible  for  the  vor- 
tices. Apparently  the  geometry  of  both  the  approach 
channel  and  forebay  areas  and  the  intakes  contributed 
to  their  formation. 

In  order  to  eliminate  the  vortices,  tests  were  con- 
ducted to  improve  several  design  features.  These  tests 
led  to  the  following  design  modifications: 

1.  Widening  the  approach  channel. 

2.  Raising  the  invert  of  the  forebay  in  front  of  the 
plant. 

3.  Altering  the  headworks  from  sloping  to  vertical. 

4.  Increasing  the  upward  flaring  of  the  intakes. 

5.  Attaching  a  continuous  vertical  skirt  to  the  piers 
which  protrude  below  the  water  surface. 

6.  Replacing  the  vertical  retaining  wall  at  the  left 
abutment  with  an  inclined  gravity  wall. 

Other   trial   modifications   of  the  original   design 


were  tested  but  were  discarded  for  various  reasons. 
The  results  of  all  the  testing  are  discussed  in  a  publica- 
tion entitled  "Hydraulic  Investigations  of  the  Ther- 
malito Power  Plant",  by  the  Department  of  Water 
Science  and  Engineering  at  the  University  of  Califor- 
nia, Davis. 

Design  Considerations.  With  the  headworks  so 
closely  tied  to  the  powerhouse,  sizing,  economy,  loca- 
tion, and  safety  considerations  were  considered  in 
conjunction  with  plant  design.  Structural  design  in- 
volved analysis  of  all  the  forces  acting  on  the  structure 
and  the  hydraulic  criteria  of  the  intakes. 

Because  the  headworks  is  a  portion  of  the  forebay 
dam,  a  thorough  stability  analysis  was  conducted  for 
the  structure.  Two  conditions,  static  loadings  and  stat- 
ic plus  dynamic  loadings,  were  investigated  to  check 
against  overturning,  sliding,  flotation,  and  foundation 
pressures,  and  the  structure  was  determined  safe. 

Provisions  for  possible  expansion  at  the  westerly 
end  of  the  plant  were  also  included  in  this  structure. 

Foundation.  The  headworks  is  founded  on  the 
Middle  Basalt  formation,  which  has  adequate  strength 
to  carry  the  heavy  load  of  the  structure. 

Approach  Channel  Wingwall.  A  concrete  gravity 
wingwall,  100  feet  long  and  about  50  feet  high,  serves 
as  a  transition  between  the  powerhouse  headworks 
and  the  earthfill  forebay  dam.  This  structure  was  de- 
signed to  match  the  architectural  motif  of  the  head- 
works,  providing  continuity  of  the  structure's  lines 
into  the  dam. 

Approach  Channel  Dam.  This  small  dam  is  a  con- 
crete gravity  structure  about  230  feet  long  and  taper- 
ing in  depth  from  2  feet  to  a  maximum  of  82  feet.  It 
serves  to  close  the  end  of  the  approach  channel  and 
extends  from  the  headworks  to  the  hillside  behind  the 
plant.  The  structure  also  was  designed  to  match  the 
architectural  motif  of  the  headworks,  thus  providing 
continuity  of  the  structure's  lines  into  the  hillside. 
The  drainage  gallery  of  the  headworks  extends  into 
the  structure  to  provide  access  to  the  foundation  pres- 
sure relief  drains. 

Approach  Channel.  Water  is  conveyed  from 
Thermalito  Forebay  to  the  plant  through  the  ap- 
proach channel.  This  channel  is  enclosed  by  a  portion 
of  the  forebay  dam,  the  approach  channel  wingwall, 
the  headworks  structure,  the  approach  channel  dam, 
and  the  hillside  north  of  the  plant.  As  discussed  ear- 
lier, this  channel  was  model-tested  along  with  the 
plant  to  determine  the  best  hydraulic  configuration, 
with  the  result  that  the  aforementioned  modifications 
were  made  in  the  design. 

Penstocks.  Four  penstocks,  one  for  each  unit, 
deliver  water  from  the  approach  channel  to  the  units. 
The  maximum  penstock  diameter  for  the  Kaplan  tur- 
bine is  24  feet,  and  the  maximum  diameters  for  the 
three  pump-turbines  are  21  feet.  Each  penstock  is  a 
steel-lined  reinforced-concrete  structure  joined  to  the 
headworks  with  an  expansion  joint  and  with  an  ar- 
ticulated section  to  the  powerhouse  to  allow  rotation 
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in  the  event  of  settlement  of  either  main  structure. 

Bypass.  The  bypass  is  an  integral  part  of  the  pow- 
erplant  structure.  It  is  a  submerged  single-gated  sluice 
consisting  of  a  rectangular  entrance  with  elliptical  en- 
trance curves,  a  radial  gate,  and  a  steep  diverging 
chute  terminating  with  a  slotted,  roller-bucket,  energy 
dissipator.  The  bypass  was  designed  to  pass  a  max- 
imum flow  of  10,000  cfs  without  sweepout  of  the  hy- 
draulic jump  occurring  in  the  tailrace  channel. 
Additionally,  the  bypass  was  designed  to  pass  a  con- 
trolled flow  of  3,200  cfs  for  downstream  use  in  case  of 
a  powerplant  outage.  This  portion  of  the  structure 
also  was  model-tested  and  found  to  fulfill  the  design 
requirements. 

Trashracks.  Because  this  is  a  pump-generating 
plant,  steel  trashracks  were  provided  for  each  unit  for 
both  the  penstock  intake  and  the  draft-tube  entrance. 
The  trashracks  were  assembled  in  panels  with  vertical 
bars  spaced  to  provide  5'/2-inch  clearance  between 
them.  Provisions  have  been  made  to  install  trash  rakes 
for  mechanical  cleaning  if  the  need  develops.  Trash- 
racks for  the  headworks  were  placed  in  a  separate 
designated  trashrack  slot,  while  the  draft-tube  trash- 
racks were  placed  in  a  slot  designed  to  accommodate 
either  the  racks  or  the  bulkhead  gates. 

Bulkhead  Gates  and  Stoplogs.  Each  intake  water 
passage  has  an  upstream  stoplog  slot  and  a  down- 
stream service  gate  slot.  Two  steel  fixed-wheel  gates 
and  one  intake  stoplog  provide  a  means  of  shutting  off 
the  penstocks  for  maintenance. 

Mechanical  Features 

General 

The  mechanical  installation  includes  three  pump- 
turbines  and  one  turbine,  governors,  cranes,  and  aux- 
iliary equipment  (Figures  176  and  178). 

Chapter  I  of  this  volume  contains  information  on 
mechanical  equipment  and  systems  for  Thermalito 
Powerplant  which  are  common  to  other  plants  in  the 


Figure   178.      Closeup  of  Generator  Floor 


State  Water  Project.  Information  and  descriptions 
which  are  unique  to  this  plant  are  included  in  the 
following  sections. 

Plant  Capacity  and  Operating  Conditions 

Since  Thermalito  Powerplant  operates  in  tandem 
with  Edward  Hyatt  Powerplant,  flows  passing 
through  it  are  in  nearly  exact  relationship  with  the 
flows  through  Hyatt.  Based  on  this  criterion,  the 
capacity  of  the  plant  adjusts  to  optimize  the  dependa- 
ble capacity  of  both  plants. 

Selection  of  Units 

Preliminary  design  envisioned  installation  of  the 
largest  possible  reversible  units  compatible  with  the 
state-of-the-art,  manufacturer  capabilities,  and  the  ex- 
isting terrain.  This  criteria  led  to  selection  of  three 
low-head  low-speed  pump-turbines  to  fulfill  the  gen- 
eration requirements.  However,  when  considering 
the  maximum  releases  from  Hyatt,  units  of  this  size 
and  speed  required  substantial  submergence,  pro- 
vided a  pumping  capability  more  than  double  that 
required,  and  precluded  operation  at  best  efficiency 
point  when  responding  to  fluctuating  flows  from 
Hyatt. 

To  optimize  the  design,  the  three  pump-turbines 
were  reduced  in  size  to  deliver  approximately  3,000  cfs 
each  in  the  pumping  mode.  Since  Edward  Hyatt  Pow- 
erplant pumps  a  maximum  of  approximately  6,000  cfs, 
this  provided  a  spare  pump,  which  was  considered 
prudent  in  view  of  the  adverse  effect  a  deficiency  in 
pumping  at  Thermalito  would  have  on  simultaneous 
pump-back  operation  at  Hyatt. 

To  complement  the  operation  of  the  pump-tur- 
bines, a  Kaplan  turbine  was  added  to  the  plant.  Intro- 
duction of  the  Kaplan  turbine  with  its  excellent 
efficiency  over  a  wide  range  of  flows  permitted  opera- 
tion of  the  pump-turbines  at  constant  load  at  best  effi- 
ciency while  changes  in  flow  are  passed  through  the 
Kaplan  turbine.  This  design  refinement  increased  the 
overall  dependable  capacity  of  the  two  plants  and  the 
efficiency  of  Thermalito  Powerplant  by  l'/2%- 

Hydraulic  Transients 

Since  the  Powerplant  is  above  ground  and  each  unit 
is  connected  to  an  individual  penstock,  the  transient 
analysis  was  relatively  simple  and  routine.  Penstocks 
were  designed  for  a  maximum  pressure  of  60  pounds 
per  square  inch  (psi),  the  maximum  static  head  plus 
a  water-hammer  pressure  rise  of  37%.  The  hydraulic 
transient  criteria  were  as  follows: 

1.  Kaplan  unit  rejecting  115%  of  rated  generat- 
ing capacity  at  maximum  head  of  101  feet  with  a 
speed  rise  limited  to  approximately  45%. 

2.  Pump-turbine  rejecting  1 1 5%  of  rated  generat- 
ing capacity  at  a  maximum  head  of  101  feet  with  a 
governor  time  of  20  seconds,  recommended  by  the 
manufacturer,  and  a  resulting  speed  rise  approach- 
ing 70%. 
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3.  Power  failure  while  pumping  against  the  max- 
imum head  of  102  feet. 

Hydraulic  Transient  Tests.  Field  tests  to  verify 
that  the  system  operated  as  designed  were  successfully 
performed  in  June  1969,  although  a  problem  was  en- 
countered while  testing  a  pump-turbine.  Unusual 
penstock  pressure  transients  associated  with  load  re- 
jection and  power  failure  were  recorded.  Particularly 
violent  surging,  accompanied  by  loud  banging  or 
thumping  sounds  emanating  from  the  turbine  pit,  oc- 
curred during  the  pumping  power  failure  tests.  The 
transients  exceeded  design  pressure  of  the  penstocks 


Equipment  Ratings 

Turbine 

Manufacturer: 

Type: 

Horsepower: 
Head: 
Speed: 

Maximum  Efficiency: 
Pump-  Turbines 
Manufacturer: 

Type: 
Horsepower,  each: 

Discharge,  each: 
Head: 
Speed: 

Maximum  Efficiency: 
Governors 

Manufacturer: 


Allis-Chalmers 

Manufacturing  Company 
Kaplan 

45,000  @  85  feet 
85  to  102  feet 
138.5  rpm 
93.6% 

Allis-Chalmers 

Manufacturing  Company 
Modified  Francis 
38,000  hp  @  95  feet 
Turbine  Mode     Pump  Mode 
3,000  cfs 


85  to  102  feet 
112.5  rpm 
91.0% 


99  feet  (rated) 
112.5  rpm 
92.0% 


Baldwin-Lima-Hamilton 

Corporation 
Cabinet-actuator 
350  psi 


229,000  ft-lbs 
421,000  ft-lbs 


5.75  sec/8  sec.  cushion 
12.5  sec/7  sec.  cushion 


Type: 

System  Pressure: 
Servo  Capacity 
Turbine: 
Pump-Turbine: 
Full  Gate  Stroke 
Turbine: 
Pump-Turbine: 
Cranes 

ISO-Ton  Powerhouse  Bridge  Crane 
Manufacturer:  American  Crane  and  Hoist 

Corporation 
Rated  capacity,  tons:      1 50 
Rated  capacity  of  main 

hoist,  tons:  150 

Rated  capacity  of 

auxiliary  hoist,  tons:  25 
25-Ton  Draft-Tube  Gantry  Crane 

Manufacturer:  American  Crane  and 

Hoist  Corporation 
Rated  capacity,  tons:      25 
Rated  capacity  of  main 

hoist,  tons:  25 

Rated  capacity  of 

auxiliary  hoist,  tons:   3 
75-Ton  Head  works  Gantry  Crane 
Manufacturer:  American  Crane  and  Hoist 

Corporation 
Rated  capacity,  tons:      75 
Rated  capacity  of  main 

hoist,  tons:  75 

Rated  capacity  of 
auxiliary  hoist,  tons:  T/2 


and  occurred  at  approximately  70%  speed  with  the 
wicket  gates  essentially  closed.  Analyis  of  test  records 
indicated  this  phenomenon  was  caused  by  the  unit 
being  sustained  at  reduced  speed  by  an  excessively 
long  servomotor  cushioning  time.  At  this  reduced 
speed,  resonance  occurred  with  the  forcing  frequency 
of  the  machine  and  natural  frequency  of  the  penstock. 
The  condition  was  corrected,  and  the  pressure  rise 
reduced,  by  adjustment  of  the  servomotor  cushioning 
time  and  minor  changes  in  the  governor  electrical 
circuits  for  the  pumping  cycle. 

After  the  final  adjustment,  a  1 1 5%  load  rejection  on 
the  Kaplan  unit  at  94  feet  of  head  produced  a  total 
pressure  of  52  psi  with  a  speed  rise  of  41%.  The  pump- 
turbine  load  rejection  test  resulted  in  a  56-psi  total 
pressure  with  an  attendant  speed  rise  of  60%;  the  cor- 
responding test  for  power  failure  in  the  pumping 
mode  resulted  in  a  total  pressure  of  53  psi. 

Turbine  and  Pump-Turbines 

The  turbine  is  a  vertical-shaft  Kaplan  type  and  is 
directly  connected  to  a  synchronous  generator  operat- 
ing at  138.5  rpm  (Figure  179).  The  pump-turbines  are 
the  vertical-shaft  modified-Francis  type  and  are  di- 
rectly connected  to  synchronous  motor-generators  op- 
erating at  112.5  rpm  (Figure- 180). 

Releases  from  Edward  Hyatt  Powerplant  are  the 
controlling  criterion  for  Thermalito  unit  operation. 
Optimum  plant  efficiency  is  achieved  by  pump-tur- 
bine operation  near  the  best  efficiency  point  regard- 
less of  the  number  of  units  in  service.  Partial  loads  and 
load  variations  are  taken  primarily  by  the  Kaplan  unit. 


Figure   179.     Kaplan  Turbine 
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Figure   180.      Francis  Pump-Turbine 


Pumping  requirements  can  be  met  by  two  of  the 
pump-turbine  units  at  Thermalito,  permitting  an  out- 
age on  one  unit  without  affecting  pump-back  opera- 
tion at  Edward  Hyatt  Powerplant.  The  units  were 
designed  to  allow  removal  of  the  turbine  parts 
through  the  generator  stator  by  the  powerhouse 
bridge  crane.  The  setting  of  all  units  is  at  elevation  121 
feet,  which  provides  a  minimum  submergence  of  2 
feet  at  centerline  of  the  distributor. 

Wicket-gate  restraining  mechanisms,  similar  to 
those  installed  on  Edward  Hyatt  Powerplant  units, 
(see  Chapter  II  of  this  volume)  are  provided  on  all  the 
units  to  prevent  cascading  failure  of  shear  pins  in  the 
wicket-gate  linkage.  The  Kaplan  turbine  unit  has  a 
mechanical  overspeed  device  to  limit  runaway  to  not 
more  than  85%  above  synchronous  speed.  This  device 
is  located  in  the  runner  hub  and  is  mechanically  ac- 
tuated by  centrifugal  force  to  bypass  oil  to  the  blade 
servomotor  causing  the  blades  to  go  to  the  full  open 
position. 

A  problem  with  the  wicket  gates  was  encountered 
shortly  after  the  Powerplant  was  placed  in  service.  An 
obstruction  in  the  wicket  gates  of  one  of  the  pump- 
turbines  caused  a  shear  pin  to  fail  which,  in  spite  of 
the  gate  restraining  mechanisms,  precipitated  a  cas- 
cading failure  of  eight  adjacent  shear  pins.  An  exten- 
sive test  program  was  initiated  to  determine  and 
eliminate  the  cause  of  the  failure.  It  was  found  that  the 
wicket-gate  restraining  mechanisms  were  incorrectly 
adjusted  due  to  hysteresis  in  the  load-deflection  char- 
acteristics of  the  Belleville  springs.  Special  procedures 
were  developed  for  the  installation  and  adjustment  of 


the  springs;  subsequent  tests  proved  the  problem  to  be 
corrected. 

Governors 

Each  unit  is  provided  with  an  electrohydraulic,  oil- 
pressure,  cabinet-actuator-type  governor  designed  for 
speed  regulation  and  control  of  the  turbines  (Figure 
181).  The  governor  is  provided  with  an  electrically 
driven  speed  responsive  element  directly  connected  to 
the  pilot  valve  for  operation  of  the  main  oil  distribut- 
ing valve. 

The  Kaplan  governor  was  designed  to  accommo- 
date a  maximum  of  six  cams  to  optimize  the  efficiency 
over  the  large  range  of  heads  and  flow.  Initially,  three 
cams  were  furnished  designed  from  data  derived  from 
the  model  tests. 

The  final  selection  of  the  number  and  contour  of  the 
cams  was  determined  from  results  of  field  index  tests. 
These  site  tests  verified  that  the  three  cams  furnished 
were  sufficient  and  required  no  further  modification 
to  obtain  maximum  efficiency.  The  governor  has  a 
motorized  actuator  to  permit  selection  from  the  area 
control  center  of  the  proper  cam.  Local  control  is  ac- 
complished by  adjusting  the  manual  cam  changing 
knob  on  the  cabinet.  A  cam  indicator  is  provided  on 
the  control  board. 

Equipment  Handling — Cranes 

150-Ton  Bridge  Crane.  General  hoisting  service 
for  the  Powerplant  and  for  assembly  and  maintenance 
of  the  turbine  and  pump/turbines  is  provided  by  a 
bridge  crane  (Figure  182).  The  crane  is  an  electric, 
cab-operated,  overhead,  traveling  type  with  a  150-ton 
main  hoist  and  25-ton  auxiliay  hoist  mounted  on  a 
single  trolley. 


Figure   181.     Governor 
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Figure   182.      Bridge  Crane 


The  rated  capacities  and  speeds  are  as  follows: 
Main  Hoist 

150  tons 

65  feet 

4.7  feet  per  minute  (fpm) 


Capacity: 

Lift: 

Hoist  speed: 
Auxiliary  Hoist 

Capacity: 

Lift: 

Hoist  speed: 
Bridge  speed: 
Trolley  speed: 
Bridge  span: 
Trolley  span: 
Bridge  travel: 


25  tons 

95  feet 

30  fpm 

75  fpm 

30  fpm 

58  feet-4  inches 

1 3  feet-6  inches 

318  feet 
75-Ton  Headworks  Gantry  Crane.  The  head- 
works  gantry  crane  services  the  full  length  of  the 
headworks  structure  and  is  used  for  installing  and 
removing  the  intake  gates,  intake  stoplogs,  by- 
pass stoplogs,  and  for  trashrack  handling  or  cleaning 
(Figure  183).  The  crane  also  operates  the  intake  gates 
during  emergency  closure  of  the  penstocks.  The  in- 


take gate  lifting  beam  is  normally  attached  to  the  main 
hoist  except  while  the  crane  is  being  used  for  installa- 
tion or  removal  of  stoplogs  for  the  plant  bypass  gate. 
A  7'/2-ton,  auxiliary,  monorail  hoist  mounted  on  the 
crane  is  used  for  handling  the  intake  trashrack  sec- 
tions. A  manually  operated  rail  clamp  is  provided  on 
each  front  gantry  truck  to  prevent  accidental  move- 
ment of  the  crane. 
The  rated  capacities  and  speeds  are  as  follows: 
Main  Hoist 

75  tons 

70  feet 

5  fpm 

5  fpm 


Capacity: 

Lift: 

Hoist  speed: 

Trolley  speed: 
Auxiliary  Hoist 

Capacity: 

Lift: 

Hoist  speed 
(2  speed): 

Trolley  speed: 
Gantry  Travel: 
Gantry  Speed: 


7'/2  tons 
85  feet 


10-30  fpm 
40  fpm 
284  feet 
50  fpm 

25-Ton  Draft-Tube  Gantry  Crane.  The  crane  op- 
erates on  rails  which  extend  the  full  length  of  the 
plant  and  is  used  for  installing  and  removing  the  draft- 
tube  bulkhead  gates  (Figure  184).  The  draft-tube  gate 
lifting  beam  is  permanently  attached  to  the  main 
hoist.  A  3-ton,  auxiliary,  monorail  hoist  mounted  on 
the  crane  is  used  for  handling  the  draft-tube  trash- 
racks  and  draft-tube  trashrack  hoist  equipment. 


Figure   183.      Headworks  Gantry  Crane 


Figure    184.      Draft-Tube  Gantry  Crane 
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The  rated  capacities 

and  speeds  are  as  follows 

Main  Hoist 

Capacity: 
Lift: 

25  tons 
82  feet 

Hoist  speed: 

16  fpm 

Auxiliary  Hoist 

Capacity: 
Lift: 

3  tons 
90  feet 

Hoist  speed: 
Gantry  Travel: 

20  fpm 
283  feet 

Gantry  Speed: 

75  fpm 

Auxiliary  Service  Systems 

The  auxiliary  service  systems  at  the  plant  are  de- 
tailed in  Chapter  I  of  this  volume  with  two  exceptions: 
(1)  air-conditioning  system,  and  (2)  raw  water  sys- 
tem. 

Air-Conditioning  System.  The  main  air-condi- 
tioning system  differs  from  systems  used  at  other 
plants  in  that  forebay  water  is  used  as  the  cooling 
medium.  Forebay  water,  which  exists  at  an  appropri- 
ate temperature  and  pressure,  was  selected  in  lieu  of 
refrigeration  compressors  after  careful  investigation 
and  economic  evaluation. 

In  order  to  provide  maximum  comfort  for  person- 
nel, the  control  room,  records  room,  and  communica- 
tions room  were  air-conditioned  by  a  conventional 
refrigerated  system  with  separate  supply  and  return 
ducts.  The  main  system  heating  is  provided  by  indi- 
vidual electric  duct  heaters.  No  heating  is  provided  in 
the  control  room  since  the  heat  gain  from  the  lighting 
fixtures  and  electrical  equipment  is  ample. 

Raw  Water  System.  The  raw  water  system  differs 
from  that  used  at  other  plants.  Each  unit  has  two  raw 
water  intakes:  one  is  located  on  the  spiral  case,  and  the 
other  is  located  on  the  penstock  ahead  of  the  stoplog 
gate  slot.  The  spiral  case  intake  supplies  the  generator 
cooling  requirements.  The  primary  function  of  the 
forebay  intake  is  to  supply  water  for  filling  the  pen- 
stocks. Units  Nos.  1  and  4  have  an  additional  branch 
line  from  the  forebay  intake  to  supply  an  auxiliary 
raw  water  header  in  the  Powerplant.  This  header  sup- 
plies the  cooling  water  requirements  of  the  auxiliary 
equipment  and  that  required  by  the  bearing  cooling 
coils  and  the  runner  seals  for  the  units. 

Various  schemes  such  as  pumping  from  the  after- 
bay  were  studied  for  supplying  raw  water.  The  fore- 
bay  was  selected  as  the  raw  water  source  over 
pumping  from  the  afterbay  because  it  provides  a  rela- 
tively constant  and  adequate  pressure,  is  highly  de- 
pendable, and  is  economical. 

Electrical  Features 

General 

The  electrical  installation  includes  the  genera- 
tor, motor-generators,  power  transformers,  230-kV 
switchyard  equipment,  and  control  and  auxiliary  sys- 
tems. 


General  descriptions  of  electrical  systems  which  are 
common  to  other  plants  are  contained  in  Chapter  I  of 
this  volume. 

Description  of  Equipment  and  Systems 

Three  motor-generators  and  one  generator  were  in- 
stalled. Each  machine  winding  is  wye-connected  with 
the  neutral  connected  to  ground  through  the  high- 
voltage  winding  of  a  distribution  transformer.  A  resis- 
tor and  relay  are  connected  in  the  low-voltage  wind- 
ing of  the  transformer.  This  combination  limits  the 
magnitude  of  unbalanced  and  ground-fault  currents 
and  also  trips  the  breaker  under  these  conditions.  The 
motors  are  started  full-voltage  with  the  pump-turbine 
casing  dewatered. 

A  13.8-kV  system  is  used  to  connect  the  generator, 
motor-generators,  and  station  service  to  the  power 
transformers.  Metal-clad  circuit  breakers  are  utilized 
to  operate  and  protect  the  equipment  connected  to 
this  system.  Station  service  supply  is  received  normal- 
ly from  the  power  transformers  (Figure  185).  Surge 
protection  was  installed  for  each  generator  and  motor- 
generator. 

Energy  to  or  from  the  plant,  depending  on  the  mode 
(pumping  or  generating),  is  carried  on  two  transmis- 
sion lines.  The  lines  are  tapped  into  the  interconnec- 
tion serving  Edward  Hyatt  Powerplant  and  the 
Pacific  Gas  and  Electric  Company's  Table  Mountain 
Substation.  Each  line  is  terminated  with  a  circuit 
breaker.  Four  power  transformers  are  connected  to 
the  230-kV  bus  with  disconnect  switches  and  are  pro- 
tected by  lightning  arresters. 

Station  service  is  distributed  throughout  the  plant 
at  480  volts.  Auxiliary  station  service  systems,  protec- 
tive relaying,  metering,  and  the  control  system  com- 
plete the  electrical  systems. 


Figure   185.      35-MVA  Transformer  and  15-kV  Switchgear 
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Equipment  Ratings 

Generator  and  Motor-Generators 
Manufacturer:  Allis-Chalmers  Manufacturing 
Company 
Type:  Vertical-shaft,  synchronous,  3-phase,  60  Hz 
Generator  No.  1 
Capacity:     34,316  kVA 
Speed:     138.5  rpm 
Power  factor:     95% 
Volts:     13,800 
Motor-Generators  Nos.  2,  J,  and  4 
Generator 

Capacity:     30,555  kVA 
Speed:     112.5  rpm 
Power  factor:     90% 
Volts:     13,800 
Motor 

Horsepower:     40,000 
Speed:     112.5  rpm 
Power  factor:     100% 
Volts:     13,200 
Power  Transformers 

Number  of  transformers:     4 
Manufacturer:     Westinghouse  Electric  Corpora- 
tion 
Volts:     230-13.2  kV  grounded-wye 
Taps:     In  the  high-voltage  winding,  2'/2  and  5% 

above  and  below  230  kV 
Phase:     3 

Frequency:     60  Hz 
Type:     OA/FA 
Connections:     Wye-Delta 
Transformer  No.  1 

Capacity:     26,250/35,000  kVA 
Transformers  Nos.  2,  3,  and  4 
Capacity:     24,400/32,500  kVA 
Station  Service  Transformers 
Number  of  transformers:     4 
Volts:     13,800— 480Y/2  77 
Phase:     3 

Frequency:  60  Hz 
Capacity:  500  kVA 
Type:     Self-cooled,  dry 

Generator  and  Motor-Generators 

Mechanical  characteristics  were  matched  to  the  tur- 
bine and  pump-turbines;  maximum  capacity  of  the 
motor-generators  was  established  by  required  motor 
output  at  the  highest  pumping  head  (maximum  horse- 
power conditions) .  Unity  power  factor  and  maximum 
temperature  rise  were  established  at  the  maximum 
horsepower  requirement.  Since  operation  at  this  head 
would  occur  only  at  intervals,  the  motor  would  have 
capability  to  operate  with  a  leading  power  factor  at 
decreased  load.  Actual  operating  conditions  should  al- 
low the  motor  to  operate  at  a  lower  temperature  with 
a  correspondingly  longer  life.  Since  the  electrical 
capacity  of  the  motor-generators  was  determined  by 


the  motor  conditions,  surplus  capacity  was  available 
in  the  generator.  The  machine  was  specified  for  90% 
power  factor  to  acquire  a  large  exciter.  This  rating 
provided  future  flexibility  to  operate  the  generators  at 
an  increase  in  watt  or  var  output  depending  on  system 
requirements  (Figures  186  and  187). 


Figure   187.      Generator  Excitation  Equipment 
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All  machines  are  equipped  with  a  single  guide  bear- 
ing which,  with  the  thrust  bearing,  is  located  below 
the  rotor.  Plants  with  relatively  low  head,  low  speed, 
and  large  water  passages  provide  more  space  for  in- 
stallation of  umbrella-type  generators  and  removal  of 
thrust  bearings  without  problems.  Economics  favored 
the  umbrella  machine  for  installation  at  Thermalito 
Powerplant,  making  it  the  only  plant  in  the  Project 
with  this  design. 

Motor  Starting  Method 

Motors  are  started  with  full  voltage  applied  to  the 
terminals.  The  pump-turbine  casing  is  dewatered  to 
reduce  starting  and  pull-in  torques.  After  water  is  de- 
pressed, the  motor  is  started  and  accelerated  as  an 
induction  machine  to  approximately  95%  rated  speed, 
at  which  point  the  direct-current  field  is  applied  and 
the  motor  synchronizes.  Air  is  purged  from  the  pump- 
turbine  casing  and  the  unit  is  placed  in  operation  by 
opening  the  wicket  gates. 

Starting  duty  for  these  motors  is  not  considered  to 
be  as  severe  as  for  the  major  pumping  plants  which  are 
started  daily  for  off-peak  pumping.  The  Hyatt  and 
Thermalito  units  are  expected  to  operate  only  part  of 
the  year  as  pumps  and  may  not  be  operated  in  the 
pumping  mode  during  some  years  when  water  condi- 
tions are  favorable.  Since  full-voltage  starting  is  the 
most  simple  and  reliable,  this  starting  method  was 
selected. 

High-Voltage  System 

The  switchyard  consists  of  a  single  bus  located  on 
the  transformer  deck  of  the  powerhouse  and  a  line 
breaker  structure.  Circuit  breakers  (230  kV)  termi- 
nate the  two  transmission  lines.  Four  power  trans- 
formers are  connected  to  the  bus  by  means  of 
load-interrupter  switches.  Adequate  protection  is  pro- 
vided for  power  transformers  with  13.8-kV  breakers 


on  the  low-voltage  side  and  line  breakers  on  the  high- 
voltage.  A  transformer  can  be  removed  from  service 
by  the  load-interrupter  switches  after  its  load  is 
removed.  This  arrangement  provided  a  minimum  fa- 
cility with  adequate  operating  and  protective  capabili- 
ties. 

Two  transmission  lines  serve  the  Powerplant.  They 
are  tapped  into  two  of  the  three  lines  between  Edward 
Hyatt  Powerplant  and  Pacific  Gas  and  Electric  Com- 
pany's Table  Mountain  Substation  and  are  approxi- 
mately 2'/2  miles  long.  One  transmission  line  would 
have  been  adequate  for  the  capacity  of  the  plant; 
however,  two  were  constructed  to  give  greater  relia- 
bility. Since  Hyatt  and  Thermalito  operate  together, 
continuity  of  service  became  more  important  than 
normal  for  a  plant  of  this  capacity. 

Control  System 

The  control  system  provides  for  attended  operation 
from  the  control  room  of  the  plant  or  from  the  switch- 
boards (Figure  188).  It  also  provides  for  fully  remote 
operation  from  the  area  control  center  and  emergency 
control  room  at  Edward  Hyatt  Powerplant.  The 
remote  supervisory  control  system  is  described  more 
fully  in  Volume  V  of  this  bulletin.  Normal  operation 
of  Thermalito  will  be  remote;  consequently,  all  func- 
tions, operating  modes,  and  annunciation  were  de- 
signed for  the  plant  being  unattended.  Auxiliaries  as 
well  as  main  units  are  thus  controlled.  Local  controls 
were  intended  for  initial  start-up,  emergency  opera- 
tion, and  maintenance  functions. 

Station  Service  System 

Station  service  power  is  supplied  by  four  13,800-480 
volt  transformers  connected  to  the  low-voltage  bus  of 
the  power  transformers  (Figure  189).  Each  of  the  two 
480-volt  distribution  boards  are  supplied  by  two  of  the 
station  service  transformers  (Figure  190).  These  two 
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Figure   188.      Plant  Control  Switchboar 


Figure   189.      15-kV  Station  Service  Switchgear 
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boards  distribute  480-volt  power  to  motor  control  cen- 
ters and  load  centers  located  throughout  the  plant  ad- 
jacent to  the  loads.  One  feeder  circuit  from  each  of  the 
two  distribution  boards  is  connected  to  each  of  the 
motor  control  and  load  centers  (Figure  191).  This 
arrangement  provides  service  throughout  the  plant 
from  any  one  of  the  four  power  and  station  service 
transformers. 

A  standby  service  at  12  kV  has  been  provided  by 
Pacific  Gas  and  Electric  Company.  The  line  is  con- 
nected through  selective  switching  to  one  of  the  four 
station  service  transformers.  An  induction  voltage 
regulator  was  required  in  the  standby  circuit  to  adjust 
and  stabilize  the  voltage. 

Construction 

Contract  Administration 

General  information  for  the  major  contracts  for 
construction  of  Thermalito  Powerplant  is  shown  in 
Table  3.  The  principal  construction  contract  was 
designated  Specification  No.  64-37  and  included  exca- 
vation, concrete  and  structural  steel  construction,  and 
some  mechanical  and  electrical  work.  Furnishing  and 
installing  of  major  equipment  was  by  separate  con- 
tracts. 

Excavation 

Stripping.  Stripping  operations  started  December 
11,  1964  in  the  approach  channel  area  (Figure  192). 
The  overburden,  which  was  mud  at  that  time,  was 
dozed  downhill  until  the  basalt  was  uncovered.  The 
basalt  was  used  to  surface  the  haul  roads.  Stripping 
operations  progressed  ahead  of  general  excavation 
from  the  approach  channel  across  the  headworks  area 
to  the  powerplant  tail  channel  area. 


U'n'H 


mk 


r£tr  EE 

M      Op 


9 


..2 


Figure   190.      300-kVA  Station  Service  Substation 
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Figure   191.      480-Volt  Distribution  Cente 


TABLE  3.     Major  Contracts — Thermalito  Powerplant 


Specification 


Turbines,      pump-turbines, 
and  governors 

Thermalito  Powerplant 
(structure) 

Generator  and  three  motor- 
generators 

Power  transformers 

Station    service    secondary 
unit  substation 

Generator,  13.8-kV  switch- 
gear  and  bus 

Motor  control  centers 

Main  control  and  recording 
switchboards 


63-39 
64-37 


65-02 
65-34 


65-57 


65-58 
66-08 


Low  bid 

amount 


23,766,785 

15,248,037 

2,150,000 
536,631 

77,000 


207,585 
25,146 


154,702 


contract  cost 


33,877,408 

17,011,772 

2,248,117 
552,726 

77,756 


213,699 
26,152 


174,450 


Total  cost — 
change  orders 


55174,350 
1,214,876 


9,436 
-510 


12,813 


Starting 
date 


2/25/64 
12/  4/64 


6/  3/65 
8/19/66 


2/  8/66 


4/2S/66 
4/27/66 


4/15/66 


Comple- 
tion date 


9/20/68 

1/24/69 

2/  9/68 
11/26/68 

7/  5/68 


7/  8/68 
4/  5/68 


11/  4/68 


Prime  contractor 


Allis-Chalmers  Mfg.  Co. 

Guy  F.  Atkinson  Co. 

Allis-Chalmers  Mfg.  Co. 
Westinghouse  Electric 

Corp. 
Golden  Gate  Switchboard 

Co. 

I.T.E.  Circuit  Breaker  Co. 
Consolidated      Electrical 
Distributors 

Westinghouse  Electric 
Corp. 
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Figure    192.     Stripping  Operation  in  the  Approach  Channel  Area 


□  tion  for  Headworks  Structure 


Approach  Channel.  Approach  channel  excava- 
tion started  shortly  after  the  stripping  operation  and 
was  initially  accomplished  with  a  single-tooth  paral- 
lelogram ripper  attached  to  a  dozer.  Materials  in  the 
weathered  zones  of  basalt  were  loaded  and  hauled 
with  rubber-tired  scrapers.  Drilling  and  blasting  were 
required  when  the  basalt  became  fresh  and  tight.  The 
contractor  delayed  completion  of  excavation  until  the 
fall  of  1967  so  that  he  was  able  to  place  the  material 
directly  into  a  fill  being  constructed  under  another 
contract. 

Ground  water  from  intermittent  springs  was  en- 
countered in  the  approach  channel  excavation  at  the 
base  of  the  upper  basalt.  Uplift  pressure  relief  holes 
were  drilled  from  the  grout  gallery,  angled  down- 
stream from  the  grout  curtain.  Holes  were  drilled  to 
a  minimum  depth  of  50  feet  so  that  they  passed 
through  the  pervious  zones  adjacent  to  the  Lower  In- 
terflow and  penetrated  5  feet  into  tight  hard  rock  of 


the  Lower  Basalt  Flow.  Ten  piezometer  wells,  two  per 
concrete  monolith,  were  drilled  in  the  pervious  zones. 

Tail  Channel.  Common  earth  materials  and  ce- 
mented gravels  were  excavated  from  the  tail  channel 
with  rippers  and  scrapers  pushed  by  tandem  push 
tractors.  Ground  water  drainage  was  required  to  com- 
plete the  channel  excavation. 

Headworks.  The  headworks  foundation  was  ex- 
cavated by  drilling  and  blasting  and  by  the  use  of 
scrapers  and  push  tractors.  The  foundation  was  suc- 
cessfully shaped  by  line  drilling  (Figure  193).  Final 
loading  and  hauling  were  done  with  rubber-tired 
equipment  to  avoid  disturbing  the  foundation.  Com- 
pressed air  and  hand  tools  were  used  for  final  cleanup. 

Penstocks.  Penstock  excavation  was  done  with  the 
same  equipment  as  that  used  in  the  headworks  area 
except  that  more  handwork  was  required  in  preparing 
the  finished  grade.  Excavation  was  shaped  by  first 
cutting  benches  in  the  transverse  direction  followed 
by  cutting  slots  for  the  penstocks  from  the  top  down. 

Penstock  excavation  was  modified  two  times  be- 
cause of  unstable  material.  Initially,  benches  between 
elevations  100  and  162  feet  were  removed.  Later,  exca- 
vation was  extended  back  to  a  stable  face  beyond  a 
shear  zone.  Because  of  the  steep  excavation  slopes  in 
the  penstock  area,  the  headworks  was  moved  30  feet 
upstream  away  from  the  steep  face. 

Powerhouse.  Main  excavation  for  the  powerplant 
area  was  performed  with  the  same  equipment  and  by 
the  same  methods  as  used  for  channel  excavation.  Fi- 
nal shaping  of  the  powerhouse  foundation  was  done 
with  backhoes,  and  the  material  was  hauled  with 
dump  trucks. 

Powerhouse  excavation  was  terminated  at  elevation 
72  feet  when  plate  bearing  tests  revealed  adequate 
foundation. 

Foundation  Preparation 

Foundations  of  the  approach  channel  dam  and 
wingwall  were  similarly  prepared.  After  excavation 
was  completed  and  before  final  cleanup,  the  founda- 
tion was  grouted.  Foundation  grouting  for  the  intake 
structure  was  done  from  the  gallery  after  the  concrete 
was  placed. 

Blanket  grout  holes  were  drilled  25  feet  deep  on 
about  25-foot  centers.  All  holes  were  drilled  in  the 
relatively  impervious  Middle  Basalt  Flow.  Holes  were 
aligned  to  cross  steeply  dipping  regional  joints,  but 
most  of  these  were  filled  with  clay  and  were  tight  with 
only  8  of  72  holes  drilled  and  tested  requiring  grout- 
ing. 

The  curtain  was  stage-grouted  in  three  zones,  with 
the  bottom  zone  extending  beyond  the  Lower  Inter- 
flow. The  5-foot  maximum  hole  spacing  specified  for 
Zone  1  was  changed  to  10  feet  after  blanket  grouting 
and  initial  curtain  grouting  revealed  the  surface  rock 
to  be  relatively  impervious.  Zone  1  was  grouted  from 
the  nipple;  lower  zones  were  generally  grouted 
through  a  packer  to  prevent  uplift  of  surface  rock. 
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Holes  were  washed  and  water-tested  before  grouting 
to  determine  a  suitable  starting  grout  mix.  Grouting 
pressures  equivalent  to  one  pound  per  square  inch  per 
foot  of  depth  were  used.  Any  stage  which  took  less 
than  0.1  cubic  foot  per  minute  when  water-tested  was 
not  grouted.  The  grout  curtain  extended  to  a  depth  of 
64  feet  below  the  foundation.  This  curtain  was  extend- 
ed under  the  main  forebav  dam  as  described  in  Vol- 
ume III  of  this  bulletin. 

The  foundation  for  the  powerhouse  did  not  require 
special  treatment.  Wingwall  foundations  were  basalt 
and  required  only  standard  cleanup  prior  to  placing 
concrete. 

Concrete 

Production.  Sand  was  obtained  from  the  Chero- 
kee placer  mine  located  approximately  12  miles  north 
of  Oroville,  and  coarse  aggregate  was  obtained  from 
the  Union  School  pit  located  in  the  dredger  tailings 
approximately  10  miles  south  of  Oroville.  Fine  aggre- 
gate was  processed  to  specified  gradation  by  a  9-inch 
Station  Classifier,  with  twin-wash  screws.  Aggregates 
were  hauled  to  the  project  in  bottom-dump  trucks  and 
stored  in  five  240-cubic-yard  bins.  The  6-inch  and  3- 
inch  aggregates  were  lowered  into  their  respective 
bins  by  means  of  rock  ladders. 

Corrugated-metal  roofing  was  placed  over  exposed 
material  in  the  bins  and  over  the  conveyor  belt  for 
shading  the  aggregate.  Aggregate  bins  were  painted 
white  to  relect  heat. 

Batch  Plant.  The  contractor  erected  a  fully  auto- 
matic batch  plant  using  four  2-cubic-vard  tilting  mix- 
ers, individual  beam  scales,  and  weigh  hoppers  for 
each  size  of  aggregate,  cement,  pozzolan,  ice,  and  wa- 
ter. 

Concrete  aggregate,  except  for  sand,  was  rewashed 
on  vibrating  screens  in  the  conveyor  system  deliver- 
ing the  material  to  the  batch  plant  bins.  Ice  was  deliv- 
ered in  300-pound  blocks  and  stored  in  three 
refrigerated  freight  cars.  Blocks  were  pulled  from  the 
cars  by  hand  and  fed  into  an  ice  crusher.  Chipped  ice 
was  moved  to  a  40-cubic-foot  storage  tank  and  fed  into 
the  weigh  hopper  by  screws.  Water  was  obtained  from 
a  well  the  contractor  drilled  near  the  site.  Pozzzlan,  a 
water-reducing  admixture,  and  an  air-entraining 
agent  were  included  in  the  concrete  mix. 

Strict  quality  and  quantity  control  was  maintained 
at  all  times  over  concrete  aggregate,  cement,  and  ad- 
mixtures. Concrete  mixing  times  and  temperatures 
were  carefully  monitored  and  controlled. 

Transportation.  Concrete  was  dumped  directly 
from  the  "gob-hopper"  into  4-cubic-yard  buckets 
located  on  a  flatcar.  The  flatcar  was  towed  bv  a  diesel 
locomotive  to  where  the  buckets  were  lifted  bv  one  of 
two  40-ton  gantry  cranes  which  traveled  on  a  trestle 
that  traversed  the  Powerplant.  Each  bucket  was  trans- 
ported to  the  placement  where  its  compressed  air- 
operated  gates  were  controlled  by  a  laborer  (Figure 
194). 


Figure   194.      Concrete  Placement 


In  areas  not  accessible  to  the  gantry  cranes,  notablv 
the  two  tailrace  retaining  walls,  approach  channel 
dam,  and  wingwall,  concrete  was  transported  by 
modified  trucks,  each  carrying  two  2-cubic-vard  buck- 
ets. The  buckets  were  then  handled  by  a  45-ton  crane. 

Placement.  All  construction  joints,  vertical  as 
well  as  horizontal,  were  cleaned  bv  wet  sandblasting 
and  by  washing  thoroughly  with  air  and  water  jets. 
The  contractor  sandblasted  at  the  latest  possible  time 
prior  to  placing  of  concrete  to  prevent  coloration 
caused  by  "bloom"  or  "carbonation". 

Mass  concrete  mixes  contained  6-inch  maximum 
size  aggregate  and  structural  concrete  mixes,  usually 
1  '/i-inch  maximum  size  aggregate.  All  mass  concrete 
was  consolidated  by  means  of  6-inch  vibrators,  and 
smaller  vibrators  were  used  in  structural  concrete 
where  applicable.  In  general,  consolidation  was  good, 
with  "rock  pockets"  being  held  to  a  minimum  ( Figure 
195). 

Concrete  outside  and  around  the  scroll  case  was 
carefully  placed  to  prevent  movement  of  the  scroll 
case.  It  was  tremied  into  place  until  the  placement  was 
over  the  top  of  the  scroll  case.  Lifts  were  limited  in 
height,  the  first  being  placed  to  about  1  foot  above  the 
bottom  of  the  scroll  case,  the  next  18  inches  higher, 
and  the  third  4  feet  -  6  inches  higher.  Above  this, 
height  of  the  lifts  was  controlled  bv  other  factors. 

After  concrete  had  been  placed  over  the  top  of  the 
scroll  case,  it  was  then  placed  through  bent  pipes 
located  around  the  scroll  case  to  fill  the  space  under 
the  stay  ring.  After  concrete  under  the  stay  ring  had 
set  for  a  minimum  of  seven  days,  expanding  alumi- 
num grout  was  forced  through  grout  holes  in  the  stay 
ring.  During  placing  and  curing  of  concrete  around 
the  scroll  case,  draft-tube  liner,  and  pit  liner,  water 
was  sprayed  continuously  against  the  inside  metal  sur- 
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Figure   195.     Consolidation  of  Concrete  Placement 


faces  to  carry  away  the  heat  of  hydration.  For  this 
area,  a  special  series  of  mixes  was  designed  that  had  a 
lower  heat  of  hydration  than  the  structural  concrete 
mixes. 

Temperature  Control.  The  temperature  of  con- 
crete placed  was  as  near  50  degrees  Fahrenheit  as 
could  be  obtained  by  using  ice  up  to  the  full  amount 
of  additive  water  and  shading  the  aggregate  on  the  day 
it  was  to  be  batched  for  concrete.  When  the  tempera- 
ture became  extremely  high  and  a  large  volume  of 
concrete  was  mixed,  these  methods  did  not  maintain 
the  desired  concrete  temperatures;  however,  by  in- 
stalling sprinklers  on  all  coarse  aggregate  stockpiles, ' 
the  concrete  temperature  was  held  to  a  maximum  of 
SO  degrees  Fahrenheit  during  prolonged  hot  weather. 

During  concrete  placements,  exposed  layers  of  mass 
concrete  were  continuously  cooled  with  fog  sprays, 
and  mass  concrete  placements  were  allowed  only  be- 
tween two  hours  before  sunset  and  two  hours  after 
sunrise. 


Curing  and  Shading.  Most  concrete  was  cured  by 
flooding  the  top  of  the  placement  as  soon  as  possible 
and  by  applying  water  to  vertical  surfaces  with  per- 
forated plastic  pipes  as  soon  as  forms  were  stripped. 
When  the  glue-laminated  2-inch  by  4-inch  forms  were 
used,  they  were  loosened  enough  the  day  after  con- 
crete placement  so  water  could  run  between  the  form 
and  the  concrete.  In  general,  curing  of  concrete  was 
satisfactory. 

Between  May  1  and  October  1,  permanently  ex- 
posed and  upstream  surfaces  of  mass  concrete,  includ- 
ing forms,  were  shaded  with  18  to  24  inches  of  air 
space  for  not  less  than  28  days.  To  achieve  this,  the 
contractor  used  burlap  supported  on  wood  frames  for 
exposed  sloping  surfaces,  and  burlap  hung  from  the 
forms  for  vertical  surfaces.  As  forms  moved  upward 
for  succeeding  lifts,  additional  burlap  was  added  to  the 
bottom  of  the  previously  hung  shading  material  (Fig- 
ure 196). 

Other  Construction 

The  powerhouse  bridge  crane  was  delivered  with 
temporary  motors  because  of  a  strike  at  the  motor 
supplier's  plant.  Use  of  temporary  motors  enabled 
equipment  installation  inside  the  plant  to  proceed 
with  a  minimum  delay. 

All  field  welds  made  during  installation  of  the  pen- 
stock liners  were  X-ray  tested. 

Some  gates  and  gate  guides  required  minor  modifi- 
cations during  and  after  construction  before  operating 
satisfactorily. 

The  three  pump-turbines  and  the  Kaplan  turbine 
were  installed  by  Chicago  Bridge  and  Iron  Company 
of  Oak  Brook,  Illinois. 

The  three  motor-generators  and  one  generator  were 
installed  by  the  Eagle  Construction  Company  of  Love- 
land,  Colorado. 

Erection  of  the  plant  superstructure  was  routine. 
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Figure   196.     Shading  of  Concrete  and  Form  Surfaces 
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The  following  engineering  drawings  may  be  found  in  consecutive  order  im- 
mediately after  this  reference  (Figures  197  through  228). 
Figure 
Number 

197  Switchyard  and  Generator  Floor 

198  Plan— Elevation  149.0 

199  Plan— Elevation  136.0 

200  Plan— Elevation  121.0 

201  Plan— Elevation  100.0 

202  Transverse  Section — Bypass 

203  Transverse  Section — Unit  No.  1 

204  Transverse  Section — Units  Nos.  2,  3,  and  4 

205  Headworks  and  Powerhouse — Plan  and  Elevation 

206  Headworks  and  Powerhouse — Upstream  Elevation  and  Sections 

207  Intake  and  Penstocks — Plan — Elevation  231.0 

208  Headworks — Instrumentation 

209  Powerhouse — Structural  Design  Data 

210  Headworks — Structural  Design  Data 

211  Approach  Channel  Wingwall — Plan  and  Sections 

212  Kaplan  Turbine — Distributor  Section 

213  Kaplan  Turbine — Distributor  Plan 

214  Pump-Turbine — Distributor  Section 

215  Pump-Turbine — Distributor  Plan 

216  Raw  Water  System 

217  Unit  Cooling  System 

218  Miscellaneous  Air  and  Water 

219  Compressed  Air  System 

220  Unit  Lube  Oil  System 

221  Lube  and  Transformer  Oil  System 

222  Powerhouse  Crane 

223  Headworks  Gantry  Crane 

224  230-kV  Single-Line  Diagram 

225  Metering  and  Relaying  Single-Line  Diagram 

226  Switchyard  Arrangement 

227  Switchboards 

228  Grounding  System 


159 


I  Jp 


\V:  £ 


is 


Figure   197.     Switchyard  and  Generator  Floor 
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Figure   198.      Plan— Elevation  149.0 
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Figure   199.      Plan— Elevation  136.0 
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Figure  200.      Plon— Elevation  121.0 
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Figure  201.     Plon— Elevation  100.0 


164 


Figure  202.     Transverse  Section — Bypass 
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Figure   203.     Transverse  Section — Unit  No.  1 
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Figure  204.     Transverse  Section— Units  Nos.  2,  3,  and  4 
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Figure  205.     Heodworks  and  Powerhouse — Plan  and  Elevation 
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Figure   206.      Heodworks  and  Powerhouse — Upstream  Elevation  and  Sections 
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Fiqure   207.      Intake  and  Penstocks— Plan— Elevation  231.0 
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Figure  208.      Headworks — Instrumentation 
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Figure   209.     Powerhouse — Structural  Design  Data 
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Figure   210.      Headworks — Structural  Design  Data 
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Figure   211.     Approach  Channel  Wingwall — Plan  and  Sections 
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Figure  212.     Kaplan  Turbine — Distributor  Section 
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Figure  213.     Kaplan  Turbine— Distributor  Plan 
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Figure  214.      Pump-Turbine — Distributor  Section 
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Figure  215.      Pump-Turbine — Distributor  Plan 
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Figure  216.     Raw  Water  System 
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Figure   217.     Unit  Cooling  System 
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Figure  218.     Miscellaneous  Air  and  Water 
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Figure   219.     Compressed  Air  System 
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Figure  220.     Unit  Lube  Oil  System 
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Figure  221.     Lube  and  Transformer  Oil  Syste 
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Figure  222.      Powerhouse  Crane 
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Figure  223.      Heodworks  Gentry  C 
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Figure   224.     230-kV  Single-Line  Diagram 
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Figure   225.      Metering  and  Relaying  Single-Line  Diagran 
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Figure   226.     Switchyard  Arrangement 
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Figure  227.     Switchboards 
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Figure   228.      Grounding  Syste 
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Figure  229.     Location  Map— Delta   Pumping  Plant 
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CHAPTER  IV.     DELTA  PUMPING  PLANT 


General 

Location 

Delta  Pumping  Plant  is  located  near  the  beginning 
of  the  California  Aqueduct.  It  is  approximately  12 
miles  northwest  of  Tracy,  California,  close  to  the  Con- 
tra Costa- Alameda  County  Line  (Figures  229  and 
230). 

Purpose 

This  plant  provides  the  initial  lift,  244  feet,  and 


starts  the  water  flowing  south  in  the  California  Aque- 
duct of  the  State  Water  Project.  An  open  canal  trans- 
ports the  water  to  the  plant  from  Clifton  Court 
Forebay.  Project  water  is  presently  conveyed  to  the 
Forebay  through  the  Sacramento-San  Joaquin  River 
Delta  channels  and  ultimately  will  be  conveyed 
through  the  Peripheral  Canal.  From  the  plant,  water 
flows  into  Bethany  Reservoir,  from  which  water  for 
the  South  Bay  Aqueduct  is  diverted.  The  major  por- 
tion of  flow  continues  south  by  gravity  in  the  Califor- 
nia Aqueduct  to  O'Neill  Forebay. 


Figure  230.     Aerial  View — Delta  Pumping  Plant 
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Description 

The  plant  structure  consists  of  a  substructure  of 
reinforced  concrete  and  superstructure  of  structural 
steel  with  precast,  concrete,  wall  panels  and  a  compo- 
sition roof  (Figure  231).  This  plant  will  ultimately 
house  1 1  units.  Seven  units  are  presently  installed: 
two  350  cubic-feet-per-second  (cfs)  units  with  a 
11,250-horsepower  (hp)  rating  at  400  rpm  and  249- 
foot  head,  and  five  1,067-cfs  units  with  a  34,500-hp 
rating  at  225  rpm  and  249-foot  head.  Four  additional 
units  are  scheduled  for  future  installation,  which  will 
bring  the  total  plant  capacity  to  10,300  cfs  with  a  333,- 
000-rated  motor  horsepower.  Overall  plant  dimen- 
sions, including  the  adjacent  gate  storage  structure, 
are  504  feet  -  5  inches  long,  98  feet  -  2  inches  wide,  and 
109  feet  high.  The  capacity  of  the  plant  bridge  crane 
is  100  tons. 

Representative  drawings  are  included  at  the  end  of 
this  chapter. 

Architectural  Design 

Delta  Pumping  Plant  was  the  first  major  plant  to  be 
designed  for  the  California  Aqueduct,  and  the  archi- 
tectural concepts  developed  for  this  complex  were  the 
basis  for  the  architectural  motif  that  was  established 
as  a  guide  to  the  architecture  for  the  remainder  of  the 
State  Water  Project  (see  Volume  VI  of  this  bulletin). 


Geology 

Areal  Geology 

The  plant  site  is  on  the  east  flank  of  the  Altamont 
anticline  of  the  Diablo  Range,  a  mountain  range  that 
consists  mainly  of  sedimentary  rock  folded  into  north- 
west-trending anticlines  and  synclines.  The  sedimen- 
tary rocks  are  indurated  shale,  sandstone,  siltstone, 
and  claystone  of  the  Tulare,  Byron,  Neroly,  Tesla,  and 
Panoche  formations.  The  area  is  covered  by  quater- 
nary alluvial  soils  which  extend  below  invert  in  some 
areas  of  the  intake  channel. 

Site  Geology 

The  pumping  plant  foundation  is  firm,  unweath- 
ered,  Panoche  formation  sandstone  with  interbedded 
shale.  During  excavation  of  the  Panoche  formation, 
the  hard  brittle  material  broke  loose  in  large  chunks 
leaving  numerous  depressions  below  final  grade.  In 
addition,  the  shale  was  susceptible  to  excessive  air- 
slaking.  The  finished  excavation  was  covered  with 
gunite  to  preserve  the  shale  and  expedite  cleanup. 

The  discharge  line,  water  tank,  and  outlet  structure 
were  all  founded  on  compact  Panoche  formation.  Ex- 
cept for  a  shear  zone  that  crosses  the  discharge  lines, 
no  defects  were  noted  which  would  influence  the  in- 
tegrity of  the  structure.  The  unstable  portion  of  the 


Figure  231.      Interior  View  at  Motor  Floor 
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discharge  line  excavation  associated  with  the  shear 
was  resloped.  After  this  portion  of  the  cut  was  re- 
sloped,  several  seeps  developed  along  the  trace  of  the 
shear.  These  seeps  were  corrected  when  covered  by 
the  discharge  line  backfill. 

Geologic  Exploration 

Exploration  consisted  of  mapping,  rotary  and  auger 
drilling,  dozer  trenching,  geophysical  surveys,  and  hy- 
drogeologic  studies. 

Instrumentation 

Exploration  data  indicated  possible  foundation  re- 
bound. Gauges  were  installed  prior  to  construction, 
and  a  maximum  0.3  foot  of  rebound  was  recorded.  A 
strong-motion  accelerograph  was  installed  in  the 
plant  to  record  seismic  events. 

Seismicity 

The  plant  is  located  in  a  seismically  active  region. 
Major  faults  in  the  area  include  the  Calaveras  27  miles 
west,  the  Hayward  32  miles  west,  and  the  San  Andreas 
47  miles  west. 

Civil  Features 

Preliminary  Studies 

Preliminary  studies  incorporated  the  siting  of  the 
Pumping  Plant  and  the  alignment  of  the  California 
Aqueduct  in  the  vicinity  of  the  plant.  Plant  location 
was  determined  by  balancing  the  cost  of  excavation 
for  the  intake  channel  and  pumping  plant  bowl  with 
the  cost  of  discharge  lines. 

Special  operational  studies  were  made  for  the  Aque- 
duct. It  was  concluded  that  pumping  plants  should 
provide  peaking  capability  during  the  period  of  in- 
creasing demand  for  water  delivery  by  the  California 
Aqueduct.  The  operation  of  the  Aqueduct  was  based 
on  the  "controlled  volume  concept"  which  requires 
that  the  volume  and  flow  of  water  in  the  various 
reaches  of  the  Aqueduct  must  be  controlled  within 
prescribed  limitations.  This  concept  was  selected  in 
preference  to  the  use  of  regulating  storage  facilities 
along  the  Aqueduct  (see  Volume  V  of  this  bulletin). 
Selection  and  operation  of  pumps  at  various  pumping 
plants  was  guided  primarily  by  this  concept  of  volume 
control. 

Site  Development 

Site  development  began  in  1963  with  the  construc- 
tion of  a  3-mile  channel  to  the  plant  site  from  Italian 
Slough  (prior  to  the  construction  of  Clifton  Court 
Forebay).  The  development  also  included  the  bowl 
excavation  for  the  plant  and  discharge  lines,  a  visitor 
overlook,  rough  grading  for  the  switchyard,  and  a  1.4- 
mile  access  road  connecting  the  plant  to  the  junction 
of  Bruns  Avenue  and  Kelso  Road.  The  site  develop- 
ment for  the  plant  was  coordinated  with  the  construc- 
tion of  the  Delta  Operations  and  Maintenance 
facilities,  which  are  located  just  south  of  the  plant 


bowl  excavation.  The  plant  completion  contract  in- 
cluded installation  of  drainage  facilities  and  paving 
about  the  plant. 

Plant  Structure 

The  plant  structure  was  constructed  under  two  con- 
tracts. The  initial  contract,  which  began  in  1964,  in- 
cluded construction  of  the  base  and  exterior  walls  of 
the  concrete  substructure  and  the  steel  superstruc- 
ture. The  completion  contract  for  the  plant  began  in 
1966  and  was  finished  in  1969.  This  contract  included 
construction  of  the  interior  walls  and  floors,  installa- 
tion of  seven  pumps  and  motors,  and  installation  of 
auxiliary  plant  equipment.  This  work  is  discussed  fur- 
ther under  the  construction  section  of  this  chapter. 

The  reinforced-concrete  substructure  is  divided  by 
five  transverse  expansion  joints  to  form  five  structur- 
ally independent  unit  bays  and  a  service  bay.  These 
joints  are  keyed  to  prevent  transverse  or  vertical  dif- 
ferential movement  between  bays  with  no  restraint  of 
movement  in  the  longitudinal  direction.  The  base  of 
the  foundation  for  the  service  bay  is  at  elevation  feet, 
and  for  the  unit  blocks  it  is  at  elevation  feet.  There  are 
four  primary  floor  levels  in  the  substructure  located  at 
elevations — 22.0,  — 12.0,  2.0,  and  14.5  feet.  This  pump- 
ing plant  is  constructed  with  90-degree  suction  elbows 
with  inverts  set  at  elevation  —28  feet  for  Units  Nos. 
3  through  11  and  elevation  —23  feet  for  Units  Nos.  1 
and  2. 

The  superstructure  is  also  divided  by  expansion 
joints,  matching  those  in  the  substructure.  Rigid  steel 
frames  with  stepped  columns  to  support  the  100-ton 
bridge  crane  are  anchored  to  the  top  floor  at  elevation 
14.5  feet.  The  superstructure  is  enclosed  with  precast, 
concrete,  wall  panels  and  a  composition  roof. 

Earthquake  design  of  this  plant  complied  with  Uni- 
form Building  Code  requirements.  Earthquake  design 
criteria  outlined  in  Chapter  I  of  this  volume  were  not 
yet  available  at  the  time  of  final  design. 

Foundation  design  considerations  governed  the 
orientation  of  the  plant  with  respect  to  the  alignment 
of  the  intake  channel  and  the  discharge  lines.  The 
longitudinal  axis  of  the  plant  was  rotated  10  degrees 
in  a  clockwise  direction  to  align  the  structure  with  the 
strike  of  a  sandstone  formation  underlying  the  plant 
foundation.  This  rotation  was  compatible  with  a  skew 
arrangement  of  pumping  units  which  resulted  in  a 
reduction  of  overall  space  requirement  and  of  con- 
crete quantities. 

Waterways 

Intake  Facilities.  Intake  facilities  include  the  in- 
take channel  transition,  trashracks,  bulkhead  gates, 
and  suction  tubes. 

The  intake  channel  bottom  width  was  increased  as 
it  approached  the  plant  structure  to  form  a  small  fore- 
bay.  Warped,  counterforted,  retaining  walls  retain  the 
side  slopes  of  the  transition.  The  bottoms  of  the  fore- 
bay  and  intake  channel  are  unlined. 
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Vertical  trashracks  were  installed  at  the  face  of  the 
plant  structure.  They  were  constructed  in  panels  to 
facilitate  their  handling  and  were  designed  to  prevent 
debris  larger  than  3  inches  from  entering  the  pumps. 

Structural-steel  bulkhead  gates  are  provided  for  the 
units  currently  installed.  For  future  units,  the  bulk- 
head gates  are  constructed  of  lightweight  reinforced 
concrete  which  will  be  replaced  by  steel  gates  after  the 
units  are  installed. 

Trashracks  and  bulkhead  gates  are  handled  by  a 
10-ton  gantry  crane  that  traverses  the  front  deck  of  the 
plant. 

The  upstream  portion  of  the  suction  elbows  is 
formed  in  the  structure  concrete,  while  the  portion 
immediately  below  the  pump  impeller  is  steel-lined. 
This  is  one  of  the  few  plants  on  the  California  Aque- 
duct that  has  90-degree  suction  elbows  because  there 
was  no  need  for  deep  foundation  excavation  or  keying 
of  the  plant  foundation  to  provide  stability  against 
sliding. 

Pump  Discharge  Lines.  Pump  discharge  lines  in- 
clude articulations,  manifolds,  buried  steel  pipe,  pro- 
tective coatings,  and  the  outlet  structure. 

The  pumps  lift  water  into  the  California  Aqueduct 
through  five  discharge  lines.  Flow  from  pumps  1,  2, 
and  3  is  manifolded  into  a  13'/,-foot-diameter,  buried, 
steel  pipe.  Flow  from  the  succeeding  pairs  of  pumps 
4-5  and  6-7  is  combined  into  two  15-foot-diameter 
steel  pipes.  Future  pumps  8-9  and  10-11  will  dis- 
charge into  the  third  and  fourth  15-foot-diameter 
pipes. 

This  combination  of  size  and  number  of  discharge 
lines  was  determined  from  an  economic  studv  involv- 
ing flow  demands,  power  costs,  and  pipe  material  and 
installation  costs. 

Flow  capacity  for  the  discharge  lines  is  1,767  cfs  for 
the  13'/rfoot  pipe  and  2,134  cfs  for  each  of  the  four 
15-foot  pipes,  for  a  total  of  10,300  cfs. 

Approximate  lengths  of  discharge  lines  from  the 
upstream  side  of  the  manifolds  to  the  start  of  the  outlet 
structure  are  1,040  feet  for  the  13'/,-foot  pipe  and  1,065, 
1,081,  1,103,  and  1,130  feet  for  the  four  15-foot  pipes. 

From  the  manifold,  about  305  feet  downstream 
from  the  Pumping  Plant,  the  five  discharge  lines  con- 
verge to  25-foot  centerlines.  At  this  point,  the  four 
outboard  discharge  lines  are  encased  by  separate  rein- 
forced-concrete  anchor  blocks  to  resist  thrust  result- 
ing from  change  in  flow  direction.  From  the  anchor 
blocks,  the  discharge  lines  extend  parallel  up  a  21% 
slope  for  about  775  feet,  at  which  point  the  four  out- 
side discharge  lines  converge  to  a  17-foot  centerline 
spacing.  The  discharge  lines  are  parallel  for  8  feet  to 
the  junction  with  the  outlet  structure  transition. 
Within  the  last  13  feet,  the  13!/,-foot  pipe  is  enlarged 
to  a  15-foot  diameter. 

Articulations.  Articulations  for  discharge  lines 
are  housed  within  the  coupling  chambers  and  consist 
of  steel  tapers  from  the  pump  discharge  valves  to  a 


short  section  of  pipe,  two  sleeve  couplings  with  an 
intermediate  make-up  spool  of  pipe,  and  a  short  sec- 
tion of  pipe  into  the  upstream  wall  of  the  chambers. 

The  make-up  spool,  which  is  suspended  bv  two 
sleeve  couplings,  is  2  inches  shorter  than  the  opening. 
This  arrangement  provides  articulation  for  the  dis- 
charge lines  in  the  event  of  differential  settlement  be- 
tween the  Pumping  Plant  and  the  manifold  structure. 
The  maximum  rotation  provided  for  is  2  degrees  from 
normal,  which  permits  a  maximum  differential  settle- 
ment of  approximately  2  inches.  The  make-up  section 
also  serves  as  a  roll-out  section  for  access  to  the  dis- 
charge lines  from  the  pumping  plant  end. 

Manifolds.  The  manifolds  extend  from  the  up- 
stream walls  of  the  sleeve-coupling  chambers  to  the 
junction  with  the  1 3  '/,-foot  and  1 5-foot  discharge  lines. 
The  first  manifold  combines  the  two  7-foot  discharge 
lines  of  the  350-cfs  pumps  with  the  lO'/i-foot  discharge 
line  from  the  first  1,067-cfs  pump.  Each  of  the  remain- 
ing four  manifolds  combine  the  10'/2-foot  discharge 
lines  from  two  of  the  1,067-cfs  pumps.  Pipe  intersec- 
tions are  at  45  degrees.  All  manifold  pipes  are  encased 
in  reinforced  concrete  to  strengthen  anchorage  and 
resist  external  loads.  Before  being  encased  in  concrete, 
steel  manifold  pipes  were  bulkheaded  and  hydrauli- 
cally  tested  to  a  pressure  1.5  times  the  design  working 
pressure.  Structural  steel  supports,  provided  to  resist 
thrust  and  water  loads  during  the  test,  were  left  in 
place  and  encased  in  the  manifold  concrete. 

Buried  Steel  Pipe.  Three  types  of  pipes,  mono- 
lithic concrete,  prestressed  concrete,  and  steel,  were 
advertised  as  alternatives  in  the  contract  for  construc- 
tion of  Delta  Pumping  Plant  and  discharge  lines.  Steel 
pipe  was  included  in  the  lowest  overall  bid  for  the 
contract  and  was  therefore  installed.  However,  in  one 
bid,  monolithic  concrete  pipe  was  priced  lower  than 
the  steel  pipe  of  the  low  bid. 

Discharge  lines  are  continuous,  all  welded,  ASTM 
A441  steel.  Wall  thickness  varied  according  to  internal 
pressure  and  external  loading  conditions  which  re- 
quired thicker  pipe  walls  at  the  manifolds.  At  the  con- 
tractor's suggestion,  pipe  with  uniform  thicknesses  of 
7/16  of  an  inch  for  13y2-foot  pipe  and  )■,  inch  for  15-foot 
pipes  was  installed  with  no  increase  in  cost. 

Nine-inch  by  three-quarter-inch  stiffener  rings 
were  welded  on  the  pipes  to  resist  water  pressure  and 
external  load  and  to  facilitate  handling  during  fabrica- 
tion, deliverv,  and  installation.  Rings  are  spaced  at 
9-foot-  11-inch  intervals  except  under  roadway  fill  at 
the  manifolds  and  outlet  structure  where  they  are  on 
a  nominal  4-foot-  ll'/j-inch  spacing. 

Acoustical  velocity  flow  measuring  devices  are 
located  approximately  177  feet  upstream  of  the  outlet 
structure.  Eight-inch  and  one-and-one-half-inch  pipes 
also  were  installed  to  measure  flow  bv  the  salt-injec- 
tion method.  One  set  of  leading  edge  flowmeter  trans- 
ducers was  installed  in  each  discharge  line  to  measure 
flow  by  transmitting  acoustic  waves  through  water  in 
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the  pipe.  This  acoustical  system  did  not  produce  ac- 
ceptable results  for  all  flow  conditions,  partly  because 
the  transducers  were  buried  in  the  backfill  and  were 
inaccessible  for  maintenance  and  adjustment.  In  the 
spring  of  1974,  new  acoustical  devices  (four  pairs  per 
pipe)  were  installed  in  accessible  concrete  vaults  adja- 
cent to  the  original  devices. 

The  discharge  lines  are  bedded  from  15  inches  be- 
low invert  up  to  a  120-degree  bedding  angle  in  con- 
solidated, selected,  pervious  backfill.  Backfill  above 
the  consolidated  material  to  within  6  inches  of  the  top 
of  the  discharge  line  is  compacted  selected  material, 
and  the  top  3  feet  -  6  inches  is  common  backfill. 

The  discharge  lines  are  joined  to  the  outlet  struc- 
ture by  a  25-foot-long  reinforced-concrete  transition, 
circular  to  15-foot  square. 

Protective  Coatings.  Steel  pipe  in  the  manifolds 
and  discharge  lines  is  lined  with  vinyl  paint  and  coat- 
ed with  coal-tar  enamel  for  protection  against  corro- 
sion. 

Outlet  Structure.  A  radial-gated  outlet  structure 
prevents  water  in  the  California  Aqueduct  from  flow- 
ing back  into  the  discharge  lines  during  emergencies, 
such  as  malfunction  of  discharge  valves  and  failure  of 
discharge  lines,  or  during  inspection  and  maintenance 
of  the  discharge  lines. 

The  reinforced-concrete  outlet  structure  consists  of 
five  bays  and  an  outlet  transition  to  the  trapezoidal 
concrete-lined  aqueduct.  The  radial  gate  bay  is  88  feet 
wide,  57  feet  long,  and  24  feet  deep.  It  contains  five 
15-foot-wide  by  17-foot-high  radial  gates  with  hoists, 
motors,  and  controls  on  a  12-foor-wide  deck. 

An  80-foot-long  reinforced-concrete  structure,  the 
invert  of  which  drops  from  elevation  227.76  feet  at  the 
gate  bays  to  elevation  213.40  feet  at  the  Aqueduct, 
forms  a  transition  from  the  outlet  structure  to  the 
Aqueduct.  Walls  of  the  transition  change  from  verti- 
cal at  the  outlet  structure  to  1  '/2: 1  at  the  Aqueduct.  The 
walls  are  counterforted  for  48  feet  downstream  from 
the  structure  and  are  supported  on  earth  cut  slopes  for 
the  remainder  of  the  distance. 

Cutoff  walls  extend  4  feet  below  invert  at  the  end  of 
the  gate  bays  and  at  the  junction  of  the  outlet  transi- 
tion and  the  aqueduct  lining. 

A  40-foot-wide  roadway  crosses  the  top  of  the  outlet 
structure  and  the  upper  section  of  the  discharge  lines. 

Mechanical  Features 

General 

The  present  mechanical  installation  includes  seven 
pumps,  seven  pump  discharge  valves,  two  equipment- 
handling  cranes,  and  auxiliary  equipment.  The  Pump- 
ing Plant  has  provisions  for  four  additional  units  and 
their  auxiliary  equipment. 

Chapter  I  of  this  volume  contains  information  on 
the  mechanical  equipment  for  the  Delta  Pumping 
Plant  which  is  common  to  other  plants  in  the  State 
Water  Project.  Information  and  descriptions  which 


are  unique  to  this  plant  are  included  in  the  following: 

Equipment  Ratings 
Pumps 

Manufacturer:     Newport    News    Shipbuilding 

and  Dry  Dock  Company 
Type:     Vertical-shaft,  single-stage,  centrifugal 
Pumps  Nos.  1  and  2 

Discharge,  each:  350  cfs 

Total  Head:  249  feet 

Speed:  400  rpm 

Guaranteed  Efficiency:  92.7% 

Minimum  Submergence 

at  Pump  Centerline:  3  feet 

Pumps  Nos.  J,  4,  5,  6,  and  7 

Discharge,  each:  1,067  cfs 

Total  Head:  249  feet 

Speed:  225  rpm 

Guaranteed  Efficiency:  93.3% 

Minimum  Submergence 

at  Pump  Centerline:  3  feet 

Future  Units  Nos.  8,  9,  10,  and  1 1  will  have  a  rated 
capacity  of  1,067  cfs  each  at  249  feet  of  total  head. 
Pump  Discharge  I  alves 
Manufacturer:  Westinghouse  Electric  Corporation 
Type  and  Size 
Units  Nos.  1  and  2:   54-inch,  double-seated, 

spherical  box  after  reset 
Units  Nos.  3  through  7:  84-inch,  double-seated, 
spherical  box  after 
reset 
Present  plans  call  for  installation  of  84-inch,  double- 
seated,  spherical  valves  on  Units  Nos.  8  through  11. 
Cranes 

100-Ton  Bridge  Crane 
Manufacturer:  American    Crane    and    Hoist 

Corporation 
Type:     Overhead,  traveling,  bridge 
10-Ton  Gantry  Crane 
Manufacturer:  Crane  Hoist  Engineering  and 

Manufacturing  Company 
Type:     Outdoor,  traveling,  gantry 


Figure  232.     Preparing  Pump  Casing  for  Hydroslatic  Test 
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Pumps 

The  pumps  are  vertical-shaft,  single-stage,  diffuse; 
casing,  centrifugal  type,  directly  connected  to  verti- 
cal-shaft synchronous  motors  (Figure  232).  All 
pumps  rotate  counterclockwise  as  viewed  from  the 
motor  end. 

The  pump  casings  are  embedded  in  the  concrete 
substructure  of  the  plant.  The  pump  impeller,  shaft, 
guide  bearing  and  housing,  and  top  casing  cover  are  all 
removable  from  above  when  the  motor  rotor  is 
removed  (Figures  233  and  234).  The  hydraulic  thrust 
and  the  weight  of  the  rotating  parts  are  carried  by  a 
thrust  bearing  in  the  motor. 

The  impellers  have  corrosion-resistant,  steel,  wear- 
ing rings.  Removable  and  renewable  wearing  rings 
are  located  in  the  suction  and  casing  covers  opposite 
the  wearing  rings  on  the  impeller  crown  and  band. 
The  wearing  rings  are  made  of  precipitation-hardened 
corrosion-resistant  stainless  steel. 


Figure   235.      Pump  P 


diate  Shaft  Be 


Figure   234.     Pump  Impeller  Before  Attaching  Band 


All  pump  shafts  are  made  of  forged,  open-hearth, 
carbon  steel  with  6-inch-diameter  axial  bore.  Shafts 
for  the  small  units  are  22-inch  diameter  and  weigh 
1 3,200  pounds  each,  while  the  shafts  for  the  large  units 
are  36-inch  diameter  and  weigh  47,500  pounds  each.  A 
removable,  corrosion-resistant,  steel  sleeve  is  secured 
to  the  shaft  where  it  passes  through  a  packing  box. 

The  packing  box  is  made  of  cast-steel  halves.  It  is 
bolted  to  the  casing  cover  and  is  packed  with  rings  of 
1-inch-square  asbestos.  A  bronze  lantern  ring  sepa- 
rates the  rings  into  upper  and  lower  sections.  Packings 
are  lubricated  with  filtered  water. 

Each  pump  has  a  guide  bearing.  In  addition,  each 
large  unit  (1,067  cfs)  has  an  intermediate  bearing 
located  between  the  motor  guide  bearing  and  the 
pump  guide  bearing.  The  intermediate  bearing  was 
required  to  limit  the  shafts'  critical  speeds  to  safe  oper- 
ating conditions  (Figure  235).  Both  pump  guide  and 
intermediate  bearing  shells  are  lined  with  babbitt  and 
are  lubricated  by  a  forced  feed  oil  system.  The  babbitt 
is  grooved  for  better  oil  circulation. 

All  pumps  were  designed  to  be  started  with  the 
casing  dewatered  by  depressing  the  water  level  below 
the  pump  impeller  with  compressed  air  The  air  is 
admitted  into  the  pump  casing  while  the  intake  gate 
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is  open  and  the  spherical  valve  is  closed.  After  the 
pump  motor  is  synchronized,  the  air  is  gradually  bled 
off,  allowing  water  to  reenter  the  pump  casing  until 
it  is  full.  When  the  pump  discharge  pressure  reaches 
approximately  105  pounds  per  square  inch  gauge  (the 
static  head  on  the  system),  a  check  valve  in  the  bypass 
around  the  main  discharge  valve  opens.  At  approxi- 
mately 110  pounds  per  square  inch  (psi),  a  pressure 
switch  mounted  on  the  pump  casing  starts  the  valve 
sequencing  unit  which  opens  the  discharge  valve. 
When  the  discharge  valve  is  fullv  opened,  the  air  vent 
is  closed  and  normal  pumping  begins. 

Pump  Discharge  Valves 

A  double-seat  spherical  valve  was  installed  on  the 
discharge  side  of  each  centrifugal  pump.  The  valves 
are  shutoffs  to  prevent  backflow  through  the  pump 
units  when  they  are  stopped  and  to  isolate  each  pump 
from  its  discharge  line  for  inspection  and  mainte- 
nance (Figures  236  and  237). 

Each  valve  and  its  appurtenances  are  located  in  a 
separate  valve  vault  at  the  end  of  the  discharge  exten- 
sion of  each  pump  casing.  Units  Nos.  1  and  2  have 
54-inch-diameter  valves,  each  weighing  approximate- 
ly 56,000  pounds;  and  Units  Nos.  3  through  7  have 
84-inch-diameter  valves,  each  weighing  approximate- 
ly 105,000  pounds. 

The  operating  mechanism  for  each  valve  is  basically 
composed  of  an  operating  cylinder,  piston,  piston  rod, 
operating  lever,  and  locking  device  (Figure  238).  The 
cylinder  is  double-acting,  with  the  control  system  set 
up  to  simultaneously  vent  one  side  of  the  cylinder  to 
the  oil  sump  tank  and  allow  oil  to  enter  the  other  side 
under  high  pressure  from  the  accumulator  tank.  The 
rate  of  valve  movement  is  controlled  by  a  metering 
valve  on  the  discharge  side  of  the  cylinder. 

Each  valve  plug  is  rotated  by  its  individual  hydrau- 
lic system  and  is  pressurized  by  an  air-over-oil  ac- 
cumulator. Each  system,  operating  at  a  pressure  of  500 


psi,  is  capable  of  one  opening  cycle  and  one  closing 
cycle,  after  which  the  system  pressure  reduces  to  375 
psi,  and  it  must  be  recharged  before  the  valve  can  be 
operated. 

Each  system  includes  an  oil  accumulator;  oil  sump 
tank  and  pumps;  air  compressor;  directional  and  flow 
control  valves;  hydraulic  control  panel;  valve  control 
center;  and  necessary  piping,  wiring,  and  instru- 
ments. 

The  air  compressor  and  two  hydraulic  oil  pumps 


Figure   237.     Shop  Assembly  ot  Spherical  Val 


Figure  236.      Preparing  Shop-Assembled  Valve  for  Hydrostatic  Test 


Figure  238.      Spherical  Valve  Showing  Operating  Mechanism 
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supply  air  and  hydraulic  fluid  respectively  to  the  ac- 
cumulator. The  compressor  and  pumps  normally  are 
operated  automatically  but  can  be  operated  manually 
from  the  valve  control  center. 

The  valve  seats  are  oil-operated  and  are  located  up- 
stream and  downstream  of  the  transverse  centerline  of 
the  valve.  The  seals  are  arranged  so  that  either  the 
upstream  or  downstream  ring  can  be  moved  in- 
dependently. The  upstream  seat  is  used  as  an  operat- 
ing seat,  and  the  downstream  seat  is  maintained  in  the 
open  position  and  used  as  a  shutoff  valve  when  main- 
tenance is  required  on  the  operating  seat  or  on  the 
pumps. 

The  pump  discharge  valve  normally  is  operated 
only  in  the  fully  opened  or  closed  position.  The  open- 
ing and  closing  of  the  valve  is  controlled  by  a  mechani- 
cal-electrical sequencer  using  cam-operated  switches 
and  hydraulic  valves.  The  cams  are  mounted  on  a  shaft 
which  is  driven  by  a  125-volt  direct-current  motor. 
The  motor  is  controlled  by  a  reversing  starter  whose 
forward  and  reverse  contactors  are  energized  and 
deenergized  by  plug  and  seat  limit  switches  and  the 
cam-actuated  switches  previously  mentioned. 

Cross  connections  are  provided  between  accumula- 
tors as  an  extra  safety  measure.  In  case  of  failure  of  one 
accumulator,  the  valve  can  be  operated  by  using  the 
hydraulic  system  of  the  second  unit. 

Hydraulic  Transients 

Surge  and  reverse  speed  control  are  provided  by  a 
two-speed  pump-discharge-valve  closure.  The  dis- 
charge valve  opens  and  closes  at  an  approximately 
uniform  rate  for  normal  conditions.  During  emer- 
gency conditions  (power  failure  or  tripping  of  pump 
motor  circuit  breakers),  the  discharge  valve  closes  au- 
tomatically to  20%  of  rated  flow  in  5  seconds  and  then 
completes  the  remainder  of  the  stroke  in  60  seconds. 
The  actual  closure  speed  was  selected  under  operating 
field  test  conditions.  Closure  is  adjustable  from  5  to  IS 
seconds  for  the  fast  portion  of  stroke  and  60  to  120 
seconds  for  the  slow  portion.  Studies  indicated  that  a 
single-speed  closure  of  approximately  27  seconds  will 
provide  the  control  needed.  The  valves  will  be  con- 
verted to  a  single-speed  closure. 

Equipment  Handling — Cranes 

Assembly  and  maintenance  of  major  pumping  plant 
equipment,  including  pumps,  motors,  and  discharge 
valves,  is  by  means  of  a  100-ton,  indoor,  bridge  crane 
(Figure  239). 

The  plant  also  has  a  10-ton,  outdoor,  gantry  crane 
which  is  used  to  raise,  lower,  and  transport  the  intake 
bulkhead  gates  (Figure  240). 

The  bridge  crane  is  an  electric,  cab-operated,  over- 
head, traveling  type,  with  a  main  100-ton-capacity 
hook  and  an  auxiliary  25-ton-capacity  hook.  A  sister- 


Figure  240.     10-Ton  Gantry  Crone 


type  hook,  bored  for  a  lifting  pin,  is  provided  for  the 
main  hoist. 

The  rated  capacities  and  speeds  of  the  bridge  crane 
are: 


Rated  capacity,  tons 

100 
1 

100 

Rated  capacity  of  auxiliary  hoist,  tons 

Maximum  lift,  main  hoist,  feet — inches 

Maximum  lift,  auxiliary  hoist,  feet — inches.. 

25 
73'— 0" 
73'— 0" 
58'— IK* 

Hook,  Speeds — feet  per  minute  (fpm) 

0-3 

0-15 

Bridge  speed — fpm  (5  step)  variable 

Trolley  speed — fpm  (5  step)  variable 

0-80 
0-30 

Brakes  are  provided  for  hook,  trolley,  and  crane 
travel.  They  include  both  the  electric  and  hydraulic 
shoe  type,  with  shunt  coil  and  manual  release  lever. 
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The  bridge  crane  is  controlled  from  a  pushbutton 
station  in  an  operator's  cage  mounted  below  and  at 
one  corner  of  the  crane.  Access  to  the  crane  is  at  two 
locations  from  the  plant  catwalks.  One  means  of  access 
is  from  the  operator's  cab  to  a  plant  catwalk  on  the 
pumping  plant  wall;  the  other  is  by  ladder  from  the 
operator's  cab  to  the  bridge  walkway.  Access  is  also 
provided  from  the  bridge  walkway  to  a  catwalk 
mounted  on  the  end  wall  of  the  Pumping  Plant. 

The  10-ton  gantry  crane  is  an  outdoor  traveling 
type  and  operates  on  steel  rails  in  the  plant  gate  deck. 
The  lifting  mechanism  consists  of  a  lifting  beam  sus- 
pended from  twin  snatch  blocks. 

The  rated  capacity  and  speeds  of  the  gantry  crane 
are  as  follows: 


Rated  capacity,  tons___ 

Number  of  trolleys 

Span,  feet — inches 

Hoist  speed  with  maximum  working  load, 
fpm  (two  speeds) 

Gantry  travel  speed  with  maximum  working 
load,  fpm__ 

Trolley  travel  speed  with  maximum  working 
load,  fpm 

Maximum  lift,  feet — inches 


10'- 
4.5  ; 


4 
,'— 0" 


Auxiliary  Service  Systems 

The  auxiliary  service  systems  at  the  plant  are  de- 
scribed in  Chapter  I  of  this  volume.  Items  unique  to 
this  plant  are  discussed  below. 

Motor  Cooling  Water  System.  Water  for  the  cool- 
ing water  system  is  supplied  by  11  pumps  (four  of 
which  are  standby)  located  in  the  cooling  water  gal- 
lery (Figure  241).  Cooling  water  is  supplied  to  the 
motor  air  coolers,  motor-bearing  heat  exchangers,  and 
pump-bearing  heat  exchangers.  Each  cooling  water 
pumping  unit  consists  of  a  split-case,  double-suction, 
single-stage,  vertical,  centrifugal  pump  directly  con- 
nected to  an  electric  motor,  check  valve,  automatic 
self-cleaning  strainer,  and  associated  valves  and  pip- 
ing. The  pumps  are  arranged  so  that  there  is  one 
standby  for  each  of  the  two  units  except  for  Unit  No. 
3,  which  has  one  regular  and  one  standby  pump. 


Electrical  Features 

General 

The  electrical  installation  includes  a  230-kV  switch- 
yard, power  transformers,  motors,  switchgear,  and 
auxiliary  systems  for  station  service,  communication, 
and  protection  of  equipment  and  personnel. 

Discussion  of  auxiliary  systems  or  equipment 
which  are  common  to  other  plants  in  the  Project  is 
included  in  Chapter  I  of  this  volume. 

Description  of  Equipment  and  Systems 

The  230-kY  switchyard  contains  two  circuit  break- 
ers with  their  isolating  switches  and  one  bypass  dis- 
connect switch  (Figure  242).  Two  transmission  lines 
and  one  load  line  connect  to  the  switchyard.  Revenue 
metering  was  installed  in  the  switchyard.  The  load 
line  drops  to  a  bus  rack  at  the  Pumping  Plant  where 
the  power  transformers  are  connected  through  dis- 
connect switches  and  reduce  the  voltage  to  13.2  kV 
(Figure  243). 


Figure  242.     230-kV  SF6  Circuit  Breaker 


Figure  241.     Cooling  Water  Pump  Gallery 


Figure  243.     Transformer  Bus  Yard 
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Seven  motors  are  presently  installed,  with  four  ad- 
ditional units  to  be  added  in  the  future  (Figure  244). 
The  motors  are  operated  and  protected  by  metal-clad 
circuit  breakers  and  relays.  Capacitors  and  lightning 
arresters  on  the  line  side  of  each  motor  protect  from 
transient  overvoltages.  A  nonsegregated-phase  bus 
connects  the  low-voltage  side  of  the  power  transform- 
ers to  the  switchgear,  and  the  same  type  of  bus  also 
connects  the  motors  to  the  switchgear.  The  larger  mo- 
tors are  started  with  a  reactor  in  the  neutral  to  effec- 
tively reduce  voltage  and  with  water  depressed  from 
the  pump  case.  A  full-voltage  dewatered  start  without 
a  reactor  is  used  for  the  smaller  motors. 

A  double-ended  substation  is  used  to  distribute  sta- 
tion service  energy  at  480  volts  to  various  distribution 
centers  located  throughout  the  plant  (Figure  24S). 
Two  transformers  are  included  in  the  substation,  con- 
nected on  the  low  side  with  secondary  breakers  and 
bus,  and  480-volt  breakers  protect  and  switch  the  dis- 
tribution circuits. 

Protective  relays,  annunciators,  metering  instru- 
ments, and  control  devices  are  mounted  on  the  switch- 
gear  and  auxiliary  sections.  The  boards  are  arranged 
on  a  unit  basis  (Figure  246). 

A  control  room  is  provided  for  normal  operation  of 
the  plant  although  it  can  also  be  operated  locally  at  the 
units.  Certain  operation  and  monitoring  functions 
also  may  be  performed  remotely  from  the  plant  in  the 
area  control  center.  The  plant  controls  use  a  computer 
as  the  central  base  of  the  system.  The  system  will 
control,  monitor,  log  data,  display,  and  annunciate  all 
necessary  points  of  the  plant  and  switchyard  (Figures 
247  and  248).  Volume  V  of  this  bulletin  describes  the 
control  systems  in  the  plant  and  area  control  center. 


Figure  246.      15-kV  Switchgear  for  Two  Units 


Figure  247.     Control  System  Computer  Equipment 
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Figure  248.     Control  System  Operator's  Console 


Equipment  Ratings 

Motors 

Manufacturer:     General  Electric  Company 
Type:     Vertical-shaft,  synchronous 
Power  factor:     95% 
Volts:     13,200 
Motors  Nos.  I  and  2 

Horsepower:     11,250 

Speed:     400  rpm 
Motors  Nos.  J  through  7 

Horsepower:      34,500 

Speed:     225  rpm 
Power  Transformers 

Manufacturer:     General  Electric  Company 

Volts:     220-13.2  kV,  grounded-wye 

Taps:  In  the  high-voltage  winding,  2'/2  and  5% 

above  and  below  rated  voltage 
Phase:     3 
Type:     OA/FA 
Connection:     Wye-Delta 
Transformer  No.  I 

kVA:     36,000/48,000 
Transformers  Nos.  2  and  3 

kVA:     43,125/57,500 
Station  Service 

Number  of  transformers:     2 

Volts:     13,200— 480Y/277 

Phase:     3 

kVA:     1,000/1,333 

Type:     AA/FA 

Motor  Starting  Method 

Three  methods  of  motor  starting  were  studied:  full- 
voltage,  full-voltage  with  a  reactor  in  the  neutral,  and 
reduced-voltage  with  a  tap  in  the  power  transformers. 
In  addition  to  these  starting  choices,  watered  or  dewa- 
tered  starting  was  evaluated. 

Starting  with  the  pump  casing  watered  is  the  most 
dependable  arrangement  since  a  minimum  of  auxil- 


iary equipment  is  required;  however,  motor  starting 
and  synchronizing  torques  are  much  higher  than  with 
dewatered  starts.  Estimates  of  motor  costs  favored  the 
dewatered  starts  by  approximately  30%.  Starting  with 
the  pump  casing  dewatered  was  selected  for  both  the 
smaller  and  larger  size  units. 

Of  the  three  methods  of  motor  starting,  full-voltage 
is  normally  the  first  choice  due  to  minimal  auxiliary 
equipment  required,  even  though  high  starting  cur- 
rents and  maximum  winding  stresses  exist  in  motors 
started  in  this  manner.  The  larger  motors  at  Delta 
Pumping  Plant  have  a  rating  higher  than  other  motors 
in  the  service  area  of  the  utility  company.  After  exam- 
ining their  system  capabilities,  the  utility  set  limits 
which  precluded  full-voltage  starting  of  the  large  mo- 
tors. Although  reduction  of  starting  inrush  would  in- 
volve higher  costs,  stresses  in  the  motor  windings 
would  be  reduced.  Since  the  motors  are  started  daily 
for  off-peak  pumping,  reduction  of  stresses  has  signifi- 
cant advantge  in  reducing  maintenance  costs.  Full- 
voltage  starting  kVA  for  the  smaller  motors  did  not 
exceed  the  limit  of  the  utility  company  and  was  select- 
ed as  the  starting  method.  It  was  also  concluded  that 
the  windings  of  the  smaller  units  could  be  adequately 
tied  and  braced  for  this  service. 

The  second  method  studied  for  the  larger  motors, 
that  is,  starting  full-voltage  with  a  reactor  in  the  neu- 
tral, was  selected.  This  method  met  the  utility  inrush 
limits  and  also  reduced  starting  currents.  Although 
full  voltage  is  applied  to  the  motor  terminals,  the  volt- 
age drop  across  the  windings  is  reduced  by  inserting 
a  single-phase  reactor  in  each  phase  winding  of  the 
wye-connected  motor  at  the  neutral  end,  ahead  of  the 
ground  connection.  After  the  motor  is  synchronized, 
reactors  are  shorted  together,  leaving  the  three  paral- 
leled reactors  in  the  motor  neutral  grounding  circuit. 
A  standard,  15-kV,  metal-clad,  circuit  breaker  was  in- 
stalled to  short  the  reactors. 

Reduced-voltage  starting  by  means  of  taps  in  the 
low-voltage  winding  of  the  power  transformers  was 
the  third  method  studied  but  was  not  selected.  There 
was  no  pronounced  difference  in  costs  or  advantages 
of  this  system  over  the  selected  method  using  reactors. 
The  choice  was  made  essentially  because  of  the  extra 
bus  and  breakers  needed  for  the  reduced  voltage  and 
space  limitations. 

230-kV  Interconnections 

Two  transmission  lines  connect  to  the  switchyard 
and  one  load  line  connects  to  the  power  transformers 
at  the  plant  (Figure  249).  A  circuit  breaker  was  in- 
stalled in  each  of  the  transmission  lines.  Two  inde- 
pendent sources  of  power  were  required  for 
dependability  of  service,  with  either  line  capable  of 
carrying  the  full  load.  This  was  accomplished  by 
opening  an  existing  tie  line  between  two  utility 
sources  and  looping  the  line  in  and  out  of  the  switch- 
yard, thus  providing  two  sources  of  power.  A  bypass 
switch  was  installed  on  the  line  side  of  the  two  break- 
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Figure  249.     230-kV  Switchyard 

ers.  This  will  enable  one  breaker  to  be  removed  from 
operation  for  maintenance  and  still  retain  a  circuit 
through  the  switchyard  for  the  utility  company. 

Other  switchyard  arrangements  were  considered 
including  the  main-and-transfer  bus  and  ring  bus. 
With  only  three  lines  required  for  the  chosen  method, 
increased  cost  of  the  equipment  and  structures  for 
alternate  bus  arrangements  eliminated  the  other  con- 
figurations. 

Construction 

Contract  Administration 

The  major  portion  of  the  work  required  to  con- 
struct the  Delta  Pumping  Plant  was  included  in  two 
large  contracts:  Specification  No.  64-09,  Delta  Pump- 
ing Plant  and  Discharge  Lines,  and  Specification  No. 
66-02,  Completion  of  Delta  Pumping  Plant.  In  addi- 
tion, several  contracts  were  awarded  to  furnish  and 
install  the  electrical  and  mechanical  equipment.  Table 
4  shows  general  information  for  the  major  contracts. 


Bowl  and  Intake  Channel  Excavation 

The  initial  excavation  for  Delta  Pumping  Plant  was 
performed  concurrently  with  the  intake  channel  exca- 
vation. 

Twin-engine,  40-cubic-yard-capacity,  earth  movers 
excavated  material  from  the  lower  elevations  and 
hauled  the  material  up  the  steep  grades  to  the  spoil 
areas.  Three  of  these  units  had  tandem  scrapers  to 
excavate  the  softer  and  more  accessible  material.  The 
same  capacity  single-engine  earth  movers  excavated 
and  hauled  material  from  the  higher  elevations.  Trac- 
tors and  twin-engine  rubber-tired  dozers  were  used  as 
pushers  to  facilitate  loading  the  earth  movers.  Trac- 
tors with  rippers  prepared  the  material  for  loading. 
Blasting  also  was  necessary  in  sandstone  concretions. 

Dewatering  Operations 

The  intake  channel  contractor  excavated  a  2'/:-mile- 
long  ditch  from  the  construction  site  to  Italian  Slough 
to  carry  water  encountered  in  the  intake  channel  to  a 
sump  for  disposal  into  the  Slough.  Subsurface  water 
was  initially  intercepted  with  94  horizontal  drains, 
ditches,  and  sumps.  The  water  was  then  pumped  from 
the  sumps  into  the  ditch  to  Italian  Slough. 

Structural  Excavation  and  Backfill 

Pumping  Plant  Substructure.  The  pumping  plant 
bowl  was  further  excavated  to  elevation  —36  feet  un- 
der the  centerline  of  the  pump  units  (Figure  250). 
The  excavated  material  was  used  to  construct  an  ac- 
cess ramp  about  100  yards  upstream  of  the  plant.  After 
its  completion,  the  service  bay  was  excavated  to  grade 
including  excavation  of  the  service  bay  sump  to  eleva- 
tion —  41  feet.  Minor  blasting  was  required  during 
excavation  to  remove  boulder  tops  protruding  above 
finished  grade.  The  contractor  used  dozers  with  rip- 
pers, a  roadgrader  scarifier,  and  air  hammers  to  loosen 
the  material.  A  loader  and  dump  trucks  were  used  to 
haul  the  material  away. 


TABLE  4.     Major  Contracts- 

-Delta  Pumping  Plant 

Specification 

Low  bid 
amount 

Final 
contract  cost 

Total  cost — 
change  orders 

Starting 
date 

Comple- 
tion date 

Prime  contractor 

Delta   Pumping  Plant  and 

64-09 
64-10 

64-20 

64-48 

65-12 
65-32 

65-35 

65-40 

66-02 

36,332,053 
1,621,365 

90,000 

1,070,000 

3,045,394 
493,008 

148,970 

508,682 
2,867,118 

36,790,499 
1,865,551 

90,000 

1,148,572 

3,123,356 
511,815 

157,246 

489,138 
4,023,433 

3402,525 
162,479 

35,409 
600 

370,288 

8/25/64 
7/  3/64 

8/11/64 

5/24/65 

5/17/65 
8/11/65 

8/25/65 

9/13/65 
2/  7/66 

8/31/66 
5/28/69 

2/  8/66 

4/18/69 

4/30/69 
8/15/68 

3/28/68 

5/  2/69 
2/14/69 

Pumps  (7) 

100-ton  bridge  crane ._ 

Newport  News  Shipbuild- 
ing &  Dry  Dock  Co. 

American  Crane  &  Hoist 
Co. 

Corp. 

Power  transformers 

230-kV  power  circuit  break- 

General  Electric  Co. 

13.8kV  switchgear  and  sta- 

Corp. 

Completion  of  Delta  Pump- 
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Discharge  Lines  and  Manifolds.  Excavation  for 
the  discharge  lines  was  started  at  the  top  of  the  lift, 
and  material  was  bulldozed  down  the  slope  into  stock- 
piles. There,  it  was  loaded  onto  dump  trucks  with  a 
loader  and  hauled  to  the  backfill  stockpile.  The  anchor 
block  foundations  were  excavated  during  the  same 
operation. 

Large  equipment  had  limited  application  in  the  ex- 
cavation for  the  discharge  manifolds;  consequently, 
extensive  use  of  hand  labor  was  required  to  obtain  the 
final  configuration. 

Outlet  Structure.  Final  excavation  for  the  outlet 
structure  was  performed  by  a  large  dozer  with  ripper 
followed  by  a  grader  with  scarifier.  Areas  with  re- 
stricted access  were  fine  graded  with  hand  tools.  All 
excavated  material  was  hauled  to  the  backfill  stock- 
pile. 

Backfill.  The  four  types  of  backfill  used  during 
first-stage  construction  of  the  Delta  Pumping  Plant 
were  consolidated  backfill,  compacted  backfill,  gravel 
blanket  material,  and  common  backfill. 

Consolidated  backfill  was  free-draining  cohesion- 
less  material  used  to  fill  any  overexcavation  for  the 
discharge  lines  and  to  provide  a  bedding  for  the  steel 
pipe.  The  material  was  consolidated  to  80%  relative 
compaction.  Starting  at  the  bottom  of  each  discharge 
line,  the  backfill  material  was  flooded  and  vibrated 
under  the  lines  from  the  invert  to  a  point  on  the  cir- 
cumference about  60  degrees  from  the  bottom.  The 
saturating  and  vibrating  were  performed  simultane- 
ously, with  consolidation  achieved  concurrently  on 
both  sides  of  the  discharge  line. 

Compacted  backfill  material  was  used  around  struc- 
tures and  between  the  discharge  lines  (Figure  251). 
The  material  was  moistened  to  within  2%  of  optimum 
moisture  content,  and  6-inch-thick  layers  were  alter- 
nately spread  and  compacted  to  95%  relative  compac- 
tion with  vibratory  rollers. 

A  2-foot-thick  gravel  blanket  of  free-draining 
material  was  placed  around  the  pumping  plant  walls, 
behind  the  counterfort  walls,  around  the  sleeve  cou- 
pling chambers  and  manifold  encasements,  and  un- 
derneath the  gravity  intake  walls.  The  blanket,  placed 
concurrently  with  the  compacted  backfill,  ranged  in 
size  from  '/,6  to  l'/2  inches  and  was  compacted  to  70% 
relative  compaction  by  an  oscillating  turtle-back 
tamper. 

Common  backfill  material  was  obtained  from  the 
excavations  and  processed  to  remove  all  large  rocks.  It 
was  placed  in  uncompacted  layers  to  a  depth  of  3  feet 
above  the  discharge  lines. 

Pneumatically  Applied  Mortar 

The  material  composing  the  plant  foundation  was 
hard,  brittle,  and  susceptible  to  excessive  air  slaking. 
To  protect  the  foundation  and  to  even  the  final  grade, 
a  1-inch-thick  layer  of  gunite  was  applied  after  all 
loose  material  had  been  removed  with  high-velocity 
air  jets  (Figure  252).  The  gunite  prevented  damage 


Figure  250.     Excavation  of  Plant  Foundation 


Figure  251.     Placement  of  Compacted  Backfill  Between  Discharge  Lines 


Figure  252.     Compacted    Plant    Foundation    Excavation    with    Pneumati- 
cally Applied  Mortar  Cover 
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from  heavy  rains,  reduced  air  slaking,  and  expedited 
form  cleanup  and  grade  acceptance  on  all  bottom  lifts. 

Concrete  Placement 

The  major  portion  of  the  concrete  required  for  con- 
struction of  the  plant  was  furnished  under  Specifica- 
tion No.  64-09.  The  concrete  batch  plant  consisted  of 
a  batcher  with  unitized  cement  and  pozzolan  bins, 
hoppers  for  three  sizes  of  aggregate,  a  mixing  plant 
with  two  2-cubic-yard  mixers,  and  an  ice  storage  and 
crusher  building.  The  mixing  plant  was  elevated  to 
allow  a  truck  with  two  4-cubic-yard  buckets  to  drive 
under  the  hopper.  The  concrete  was  trucked  to  the 
placement  site  where  the  buckets  were  unloaded  by 
the  gantry  crane  or  the  truck  crane.  Consolidation  was 
accomplished  with  6-inch  pneumatic  vibrators  where 
possible;  smaller  vibrators  were  used  in  the  thin  walls 
and  slabs. 

Concrete  for  the  completion  contract,  Specification 
No.  66-02,  was  furnished  in  dry  batches  from  a  source 
25  miles  from  the  plant  and  was  mixed  at  the  site  in 
a  mobile  mixer.  The  concrete  was  placed  in  a  conven- 
tional manner  (Figure  253).  Just  prior  to  concrete 
placement,  a  large  slide  demolished  the  forms  and  the 
reinforcement  steel;  so  the  first  lift  was  the  central 
block  for  Unit  No.  10  in  Bay  No.  5. 

The  contractor's  methods  and  procedures  for  sched- 
uling and  controlling  production  were  excellent.  Be- 
cause of  this,  plant  concrete  placement  took  place 
without  major  difficulties. 


Discharge  Lines 

The  irregular,  steel,  discharge  line  sections  (tapers, 
wyes,  and  elbows)  were  unloaded  from  low-bed  trail- 
ers near  the  job  site  where  cleaning,  coating,  and 
wrapping  were  accomplished  by  hand.  The  straight 
sections  were  unloaded  onto  a  timber  skidway  along 
which  they  were  rolled  onto  a  set  of  rubber-tired 
trunnions  where  they  were  rotated  slowly  and  ma- 
chine sandblasted,  primed,  and  wrapped. 

Each  of  the  coated  wye,  manifold,  and  elbow  sec- 
tions was  reloaded  onto  a  low-bed  trailer  towed  by  a 
large  crawler  tractor  from  the  coating  area,  down  the 
slope  to  the  positioning  crane,  where  it  was  unloaded 
and  set  in  position  to  approximate  alignment  on  sand- 
bag supports.  The  positioning  crane  worked  from  a 
timber  mat.  The  mat  and  crane  had  to  be  precisely 
positioned  for  each  section  of  pipe  for  the  manifolds 
and  wyes  because  of  the  limited  reach  and  swing  of  the 
crane. 

As  soon  as  possible,  the  contractor  changed  his 
method  of  transporting  and  positioning  pipe  sections 
to  eliminate  the  need  for  precise  crane  location.  Tim- 
ber rails  were  installed  from  the  top  of  the  discharge 
line  down  to  the  last  section  of  pipe  in  place  in  each 
line;  then  the  pipe  sections  were  set  on  a  heavy  sled 
which  rode  on  greased  rails.  The  sled  was  then  low- 
ered down  the  slope  into  position.  Immediately  after 
positioning,  all  sections  were  jacked  into  correct  align- 
ment and  set  to  proper  grade;  then  the  joints  were 


Figure  253.     Concrete  Work 
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trimmed,  dogged,  tacked  to  correct  joint  fit-up,  and 
then  welded  (Figure  254). 

Initially,  the  two  closure  joints  on  each  discharge 
line  were  to  be  closed  with  a  butt  strap  welded  to  the 
interior  of  the  pipe  after  the  pipe  had  been  covered 
with  backfill.  Field  tests  revealed  that  interior  weld- 
ing burned  and  ruptured  the  exterior  coating.  To 
solve  this  problem,  a  metal  collar  was  constructed 
around  the  exterior  of  each  pipe  which  was  filled  with 
concrete  grout  after  the  compacted  backfill  and  joint 
closure  was  completed. 

The  cleaning  and  coating  of  the  interior  of  the  dis- 
charge lines  were  accomplished  in-place.  The  mani- 
fold sections  were  done  by  hand,  and  the  discharge 
lines  were  done  by  a  machine  mounted  on  a  jumbo 
pulled  through  the  lines  at  controlled  rates. 

All  interior  coating  was  inspected  with  an  Elcome- 
ter  for  thickness  and  a  low-voltage  detector  for  holi- 
days. All  manifolds  required  buildup  to  obtain  the 


required  thickness.  After  the  manifolds  and  lines  were 
completed,  they  were  hydrostatically  tested   (Figure 

254). 

Outlet  Structure 

The  outlet  transition  structure  concrete  was  placed 
with  2-cubic-yard  buckets  spotted  with  a  45-ton  truck 
crane.  All  placements  were  made  without  particular 
difficulty. 

The  last  section  of  each  discharge  line  was  installed 
after  completion  of  the  outlet  structure  and  tied  to- 
gether with  a  concrete  collar.  This  connection  was  a 
2-foot-long  by  1 -foot-thick  reinforced-concrete  collar 
around  the  circumference  of  the  pipe,  tied  to  it  and  the 
stiffener  rings  by  reinforcing  steel.  It  was  separated 
from  the  concrete  of  the  outlet  structure  by  a  1-inch 
thickness  of  elastic  joint  filler.  Grout  was  used  for  the 
collars  and,  after  the  discharge  liner  had  been  back- 
filled for  over  30  days,  the  joints  were  sealed  with  joint 
sealant. 


Figure   254.     Wooden  Skids  and  Carriage  Used  to  Lower  Pipe  Sections  Into  Place 
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The  following  engineering  drawings  may  be  found  in  consecutive  order  im- 
mediately after  this  reference  (Figures  255  through  288). 
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Figure   255.     General  Plan 


210 


Figure  256.     General  Arrangement — Plan — Elevation  14.5 
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Figure  257.     General  Arrangement — Plan — Elevation  14.5 
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Figure  258.     General  Arrangement— Plan— Elevation  2.0 
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Figure   259.      General  Arrangement — Plan — Elevation  2.0 
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Figure  260.      General  Arrangement — Plan — Elevation  —7.0 
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Figure  261.     General  Arrangement — Plan — Elevation  —7.0 
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Figure  262.     General  Arrangement — Plan — Elevation   —22.0 
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Figure   263.      General  Arrangement— Plan— Elevation    -22.0 


218 


h 

"lis 


Figure  264.     General  Arrangement— Transverse  Section 
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Figure  265.     General  Arrangement — Longitudinal  Section 
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Figure  266.     General  Arrangement— Longitudinal  Section 
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Figure  267.     Structural  Design  Data 
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Figure  268.     Discharge  Lines— General  Plan 
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Figure  269.     Outlet  Structure 
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Figure  270.     Compressed  Air  Systen 
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Figure  271.     Water  Syste 
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Figure  272.     Carbon  Dioxide  Fire-Extinguisher  Syst 
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Figure   273.     Lubrication  Oil  System 
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Figure  274.     Motor  Cooling  Water  Systen 
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Figure   275.     Pumping  Unit  Air  Systen 
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Figure  276.     Air,  Oil,  and  Water  Piping 
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Figure   277.      Pumping  Unit  Depressing  Ail 
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Figure   278.      100-Ton  Bridge  C 
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Figure  279.     Suction  Elbov 
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Figure  280.     Plant  Single-Line  Diagron 
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Figure  281.     230-kV  Single-Line  Diagr 
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Figure  282.     Unit  Single-Line  Diag 
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Figure  283.     230-kV  Switchyard 
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Figure  284.      13.8-kV  Switchgear 
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Figure   285.      15-kV  Bus  Duct 
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Figure  286.     Station  Service 
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Figure  287.      Direct-Current  Systen 
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Figure  288.     Grounding 
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Figure  289.      Location  Map — South  Boy  Pumping  Plant 
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CHAPTER  V.     SOUTH  BAY  PUMPING  PLANT 


General 

Location 

South  Bay  Pumping  Plant  is  located  on  the  upper 
end  of  Bethany  Reservoir  at  the  beginning  of  the 
South  Bay  branch  of  the  California  Aqueduct.  It  is  in 
the  northeastern  corner  of  Alameda  County  approxi- 
mately 4  miles  northeast  of  Altamont  and  12  miles 
west  of  Tracy  (Figures  289  and  290). 

Purpose 

The  plant  lifts  water  from  Bethany  Reservoir  into 
the  South  Bay  Aqueduct,  which  serves  the  water  users 
in  the  Livermore  Valley  and  south  San  Francisco  Bay 
area.  The  conveyance  system  includes  43  miles  of  ca- 
nals, pipelines,  and  tunnels  and  terminates  at  the 
Santa  Clara  terminal  reservoir  (storage  tank)  near 
San  Jose.  This  was  the  first  State  Water  Project  pump- 
ing plant  to  be  constructed. 

Description 

This  is  an  indoor  plant  of  reinforced  concrete,  ap- 


proximately 226  feet  long  by  33  feet  wide  with  exte- 
rior walls  2 1  feet  in  height.  It  also  includes  two  buried, 
steel,  discharge  lines  and  two  steel  surge  tanks. 

The  plant  contains  nine  pumping  units  of  three 
different  capacities:  one  rated  at  1 5  cubic  feet  per  sec- 
ond (cfs)  with  a  1,250-horsepower  (hp)  motor,  three 
at  30  cfs  with  2,500-hp  motors,  two  at  45  cfs  with 
3,500-hp  motors,  and  three  at  45  cfs  with  4,000-hp  mo- 
tors. The  15-cfs  unit  will  be  replaced  with  a  30-cfs  unit 
in  the  future.  Ultimate  capacity  of  the  Pumping  Plant 
is  345  cfs  with  a  total  combined  horsepower  of  29,000 
and  a  total  design  head  of  611  feet. 

Representative  drawings  are  included  at  the  end  of 
this  chapter. 

Architectural  Design 

South  Bay  Pumping  Plant  was  designed  prior  to 
establishment  of  the  State  Water  Project  architectural 
motif  as  discussed  in  Volume  VI  of  this  bulletin. 
However,  following  construction  of  the  plant,  colors 
and  textures  were  applied  to  establish  some  relation- 
ship to  that  motif. 


Figure  290.     South  Bay  Pumping  Plant 
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Geology 

Site  Geology 

South  Bay  Pumping  Plant  site  is  on  the  east  flank 
of  the  Diablo  Range,  a  mountain  range  that  consists 
mainly  of  sedimentary  rocks  folded  into  northwest- 
trending  anticlines  and  synclines.  The  plant  lies  on 
interbedded  sandstones  and  shales  of  the  Cretaceous 
Panoche  formation,  which  localiy  dips  uniformly  at 
an  angle  of  19  to  24  degrees  to  the  east.  Valley  allu- 
vium covers  the  Panoche  in  places  and  consists  of 
Recent  deposit  of  sand,  silt,  clay,  and  some  gravel. 

Geologic  Exploration 

Exploration  consisted  of  geologic  mapping,  core 
drilling,  auger  drilling,  soil  and  rock  testing,  and 
ground  water  studies. 

Instrumentation 

Because  of  the  modest  size  of  the  plant,  no  in- 
strumentation was  installed. 

Seismicity 

Major  faults  in  the  area  include  the  Calaveras  25 
miles  west,  the  Hayward  30  miles  west,  and  the  San 
Andreas  45  miles  west. 

The  area  is  considered  seismically  active,  and  move- 
ment of  one  of  the  major  faults  could  cause  shaking  at 
the  plant.  The  structure  could  be  damaged  in  the 
event  of  a  major  earthquake. 

Civil  Features 

Preliminary  Studies 

Preliminary  design  studies  included  a  two-lift 
scheme  and  a  one-lift  scheme.  The  one-lift  scheme 
proved  to  be  the  most  economical  and  was  developed 
for  design  and  construction.  The  preliminary  studies 
included  the  plant  structure,  mechanical  and  electri- 
cal equipment,  discharge  lines,  and  surge  tank. 

Site  Development 

Site  development  included  design  and  construction 
of  access  roads  to  the  plant  site  and  surge  tank,  as  well 
as  development  of  a  site  drainage  system  and  orienta- 
tion of  the  plant  structure  and  switchyard.  The  plant 
is  situated  at  the  upper  end  of  Bethany  Reservoir,  and 
some  ditch  and  channel  excavation  was  necessary  to 
provide  an  adequate  waterway  to  the  plant. 

Local  runoff  is  conveyed  around  the  plant  area  in  a 
reinforced-concrete  flume  which  terminates  in  a 
chute-type  spillway  at  the  Reservoir.  A  bridge  was 
provided  across  the  flume  for  access  by  landowners 
and  powerline  maintenance  crews. 

Plant  Structure 

The  plant  structure  was  constructed  in  two  stages, 
the  first  in  1960  and  the  second  in  1963.  The  first-stage 
plant  was  designed  to  house  four  30-cfs  pumping  units 
and  their  controls,  while  the  second-stage  plant  was 


designed  for  five  45-cfs  units.  To  accommodate  the 
larger  motors  for  the  45-cfs  pumps,  the  structure  was 
made  33  feet  wide  compared  to  27  feet  for  the  first- 
stage  plant.  The  length  of  the  first-stage  plant  is  94 
feet  -  6  inches  including  a  44-foot  service  bay,  and  the 
length  of  the  second-stage  plant  is  111  feet -6  inches, 
which  also  includes  a  44-foot  service  bay. 

The  structure  is  of  reinforced  concrete  with  cast-in- 
place  walls  and  roof  slab.  Parapet  walls  extend  3  feet  - 
6  inches  above  the  roof  slab  to  provide  a  barrier  for 
the  safety  of  personnel  who  are  occasionally  required 
to  maintain  roof-mounted  air-conditioning  equip- 
ment. The  substructure  is  divided  by  cross  walls  to 
form  pump  pits  open  to  Bethany  Reservoir,  which 
serves  as  the  forebay.  Each  pump  is  installed  in  a  sepa- 
rate pit. 

The  plant  structure  was  designed  for  the  usual  loads 
appropriate  for  this  type  of  structure.  One  unusual 
design  load  considered  was  150  pounds  per  square  foot 
(psf)  live  load  on  the  roof.  The  assumed  wind  load 
was  1 5  psf,  and  the  assumed  earthquake  load  was  0.133 
times  the  dead  load,  applied  horizontally. 

The  plant  is  founded  on  the  Panoche  formation, 
consisting  primarily  of  sandstone  interbedded  with 
laminated  shale  which  tends,  to  slake  when  exposed  to 
air. 

The  plant  base  slab  is  keyed  into  the  foundation 
rock  at  the  front  and  near  the  back  of  the  plant  to 
provide  stability  against  horizontal  sliding. 

Waterways 

Intake  Facilities.  The  plant  is  situated  at  the  up- 
per end  of  the  ravine  that  forms  Bethany  Reservoir, 
which  is  coincident  with  the  California  Aqueduct.  At 
the  time  the  plant  was  constructed  and  before  the 
Reservoir  was  filled,  the  channel  into  the  Pumping 
Plant  was  improved  by  excavating  material  from  the 
ravine  and  placing  riprap  on  the  slopes  adjacent  to  the 
plant  structure. 

The  pump  pits  are  open  to  the  forebay  and  are  pro- 
vided with  trashracks  and  stoplogs.  The  trashracks 
span  vertically  with  bars  spaced  to  provide  3-inch- 
wide  openings.  The  stoplogs  were  fabricated  of  struc- 
tural steel  with  a  steel  skinplate  and  rubber  seals. 
They  can  be  installed  in  any  of  the  pump  pits  and  are 
stored  in  the  yard  when  not  in  use. 

Pump  Discharge  Systems.  The  nine  South  Bay 
pumps  discharge  water  through  two  parallel,  buried, 
discharge  lines  approximately  4,010  feet  long  to  the 
eastern  ridge  of  the  Diablo  Range.  Water  flows  by 
gravity  through  the  remaining  reaches  of  the  South 
Bay  Aqueduct. 

The  pump  discharges  from  Pumps  Nos.  1,  2,  3,  and 
4  are  combined  by  a  manifold  into  the  54-inch-diame- 
ter  south  discharge  line.  This  discharge  line  was  de- 
signed to  convey  120  cfs  with  a  total  dynamic  head  of 
611  feet.  A  second  manifold  combines  pump  dis- 
charges from  Pumps  Nos.  5,  6,  7,  8,  and  9  into  the 
66-inch-diameter  north  discharge  line  (Figure  291). 
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Figure  291.      North  Manifold 


This  discharge  line  was  designed  to  convey  225  cfs 
with  a  maximum  dynamic  head  of  619  feet. 

Each  discharge  line  terminates  at  a  surge  tank.  The 
south  tank  is  13  feet  in  diameter  and  94  feet  high.  The 
north  tank  is  17  feet  in  diameter  and  104  feet  high. 

Each  surge  tank  is  equipped  with  an  inflow  riser 
pipe  that  separates  flow  in  the  discharge  line  from  that 
in  the  connecting  Brushy  Creek  Pipeline.  This  separa- 
tion, in  the  event  of  a  sudden  cessation  of  pump  flow 
due  to  power  failure,  limits  the  reverse  flow  through 
the  pumps.  The  surge  tanks  also  provide  sufficient 
storage  to  contain  the  resulting  surges  in  Brushy 
Creek  Pipeline  without  allowing  column  separation  at 
the  high  points  along  the  Pipeline. 

Many  features  of  these  discharge  lines  have  been 
designed  in  accordance  with  criteria  described  in 
Chapter  I  of  this  volume. 

There  are  six  components  of  each  pump  discharge 
system  at  South  Bay  Pumping  Plant:  (1)  discharge 
carrier  pipes,  (2)  manifold,  (3)  pump  discharge  line, 
(4)  discharge  flowmeter,  (5)  surge  tank,  and  (6)  ap- 
purtenances. 

South  Pump  Discharge  System 

Discharge  Carrier  Pipes.  Four  24-inch-diameter 
pump  discharge  carrier  pipes  connect  to  the  manifold 
wye  branches.  Each  carrier  pipe  was  installed  inside 
a  length  of  32-inch  casing  pipe  and  is  equipped  with 
two  insulating  sleeve  couplings  which  insulate  it  from 
the  manifold  and  pump  discharge  pipe.  The  carrier 
pipe  also  is  insulated  from  the  casing  pipe.  End  seals 
prevent  entry  of  backfill  material  between  the  two 
pipes  while  allowing  them  to  move  independently. 
This  arrangement  allows  for  settlement  of  backfill  and 
for  differential  settlement  between  the  manifold  head- 
er and  the  pumping  plant. 

Manifold.  Each  set  of  carrier  pipes  converges  in  a 
24-inch  by  36-inch  wye.  The  resulting  36-inch-diame- 
ter  pipes  converge  in  a  36-inch  by  54-inch  wye.  The 
24-inch  wyes  were  designed  with  a  two-plate  rein- 


forcement system  and  the  36-inch  wye  has  three-plate 
reinforcement.  The  three  wyes  are  encased  in  a  con- 
crete anchor  block. 

Pump  Discharge  Line.  The  54-inch-diameter,  bur- 
ied, discharge  line  is  welded  steel  pipe  with  plate 
thickness  varying  from  %  to  "/,6  of  an  inch.  ASTM 
A285  Grade  C,  firebox  quality  steel  having  a  yield 
stress  of  30,000  pounds  per  square  inch  (psi)  was  used. 
The  allowable  design  stress  of  13,500  psi  is  based  on  a 
factor  of  safety  of  2  and  90%  weld  efficiency. 

Steel  pipe  required  cathodic  protection  and  corro- 
sion control  monitoring.  Soil  resistivity  tests  con- 
ducted along  the  alignment  indicated  that  the  soils  are 
severely  corrosive.  Of  the  two  most  common  types  of 
coatings,  coal-tar  enamel  was  specified  instead  of  ce- 
ment mortar  because  it  was  more  economical.  Protec- 
tion from  internal  corrosion  was  required  because  of 
the  quality  of  the  waters  to  be  conveyed.  Lining  of 
coal-tar  enamel  also  was  specified  for  reasons  of  econ- 
omy. 

Provisions  for  cathodic  protection  and  corrosion 
control  monitoring  were  established  in  the  following 
manner: 

1.  An  anode  bed,  consisting  of  seven  duriron 
anodes,  was  installed  near  the  lower  end  of  the  surge 
tank  access  road  to  provide  cathodic  protection  for  the 
discharge  line.  A  4-kV  power  line  was  installed  under- 
ground from  the  Pumping  Plant  to  a  riser  pole  near 
the  anode  bed  to  supply  power  for  the  cathodic  protec- 
tion rectifier.  The  system  was  activated  when  the 
north  discharge  line  was  installed. 

2.  Corrosion  test  stations  were  installed  along  the 
discharge  line  at  approximately  500-foot  intervals  to 
monitor  corrosion  and  cathodic  protection. 

3.  Sections  of  pipe  to  be  embedded  in  concrete  an- 
chor blocks  and  thrust  blocks  were  coated  with  coal- 
tar  epoxy. 

Flowmeter.  A  remote  reading  flowmeter  is  locat- 
ed along  the  54-inch  discharge  line  to  monitor  flow  in 
the  South  Bay  Aqueduct.  The  meter  consists  of  a 
modified  Venturi  flow  tube  connected  to  a  differential 
pressure-type  recorder  and  transmitter  and  is  housed 
in  a  reinforced-concrete  vault. 

Surge  Tank.  The  surge  tank  is  a  94-foot-high  weld- 
ed steel  tank,  13  feet  in  diameter,  with  the  pump  dis- 
charge line  rising  vertically  inside  the  tank  to  within 
21  feet  of  the  top.  The  tank  was  designed  to  prevent 
water  column  separation  in  Brushy  Creek  Pipeline  in 
the  event  of  sudden  pump  shutdown  and  to  relieve 
transient  pressures  in  the  discharge  lines. 

A  90-degree  bend  in  the  discharge  line  is  embedded 
in  the  concrete  footing  of  the  tank.  However,  the  tank 
outlet  pipe  is  welded  to  the  tank  sidewall  near  the  tank 
base.  Both  inlet  and  outlet  pipes  are  articulated  at  the 
base  of  the  tank  by  short  pipe  spools  installed  in  the 
lines  with  insulating-type  sleeve  couplings. 

Steel  plate  in  the  tank  varies  from  s/16  to  %  of  an  inch, 
while  that  in  the  riser  pipe  varies  from  %  to  u/l6  of  an 
inch.  The  tank  was  designed  in  accordance  with  Uni- 
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form  Building  Code  requirements  for  loads  due  to 
contained  water,  wind,  and  earthquake. 

The  tank  interior  is  coated  with  coal-tar  epoxy  resin 
and  is  further  protected  by  a  cathodic  protection  sys- 
tem that  utilizes  magnesium  anodes  mounted  on  the 
interior  of  the  tank.  The  exterior  surface  of  the  tank 
is  coated  with  red-lead  primer  and  phenolic-resin 
aluminum  paint. 

Appurtenances.  Entry  into  the  discharge  line  is 
provided  at  1,000-foot  intervals  by  buried  manholes 
installed  at  the  top  of  the  pipe.  An  access  manhole  and 
a  6-inch  blowoff  control  valve  are  located  in  a  concrete 
vault  near  the  junction  of  the  manifold  and  the  dis- 
charge line.  The  blowoff  discharges  into  No.  4  pump 
sump. 

North  Pump  Discharge  System 

Discharge  Carrier  Pipes.  Five  30-inch-diameter, 
discharge,  carrier  pipes  extend  from  the  back  of  the 
plant  similar  to  those  on  the  south  pump  discharge 
system.  They  also  are  installed  in  casing  pipes;  howev- 
er, only  one  sleeve  coupling  is  located  on  each  pipe. 

Manifold.  The  carrier  pipes  are  manifolded  to  the 
66-inch  discharge  line.  The  manifold  header  diameter 
expands  in  two  steps:  30  to  52  inches,  and  52  to  66 
inches.  The  manifold  is  encased  in  a  buried,  concrete, 
anchor  block  (Figure  291). 

Pump  Discharge  Line.  The  north  discharge  line 
was  designed  to  convey  225  cfs  at  a  velocity  of  approxi- 
mately 9.5  feet  per  second  (fps)  and  a  hydraulic  grade- 
line  slope  of  0.004.  Three  alternate  designs  afforded 
bidders  an  option.  The  alternative  adopted  consisted 
of  800  feet  of  67-inch  steel  pipe  (ASTM  A441)  and 
3,200  feet  of  66-inch,  prestressed-concrete,  cylinder 
pipe.  Steel  pipe  was  installed  at  the  plant  end  of  the 
discharge  line  and  was  mortar-lined  and  coal-tar  en- 
amel-coated. 

For  corrosion  protection,  the  discharge  line  was  in- 
stalled with  insulating  couplings  and  test  stations  at 
the  plant,  the  surge  tank,  and  the  junction  of  the  steel 
and  the  prestressed  pipe.  Corrosion  test  stations  were 
installed  at  intervals  of  500  to  1,000  feet  along  the 
prestressed  pipe. 

Flowmeter.  A  remote  reading  flowmeter  installa- 
tion is  located  on  the  discharge  line  similar  to  that 
installed  on  the  south  discharge  line. 

Surge  Tank.  The  north  surge  tank  was  construct- 
ed adjacent  to  the  south  (first-stage)  surge  tank  and  is 
of  similar  design.  The  tank  has  an  inside  diameter  of 
17  feet  and  a  height  of  104  feet.  Inlet  and  outlet  pipes 
make  90-degree  bends  in  the  anchor  block  and  enter 
the  tank  through  the  floor  plate.  The  outlet  provides 
complete  drainage  of  the  tank  through  Brushy  Creek 
Pipeline  and  also  allows  the  pipe  to  flow  full  until  the 
tank  is  drained.  Due  to  the  position  of  the  outlet,  the 
inlet  riser  pipe  is  located  off-center  in  the  tank  and  is 
braced  at  the  top  with  angles  welded  to  the  tank  wall. 
A  3-foot-wide  steel-grating  walkway  with  an  interior 
handrail  is  provided  around  the  tank  circumference, 


Figure  292.     Surge  Tank 


3  Vi  feet  below  the  top  of  the  tank.  The  tank  exterior 
is  equipped  with  a  welded  steel  ladder  enclosed  in  a 
safety  cage  and  an  access  manhole  near  the  tank  base 
(Figure  292). 

Appurtenances.  One  manhole  located  in  a  con- 
crete pipe  access  well  was  installed  at  the  manifold 
and  one  at  the  surge  tank.  One  additional  buried  man- 
hole is  located  halfway  up  the  discharge  line.  An  8- 
inch,  steel-pipe,  blowoff  line  extends  from  the  bottom 
of  the  manifold  and  terminates  in  a  "Krueter  Brake"- 
type  dissipator  in  the  No.  6  pump  sump.  This  blowoff 
is  an  improvement  over  the  south  blowoff  since  it 
allows  complete  dewatering  of  the  discharge  line  and 
manifold  without  throttling  of  the  blowoff  valve. 

Mechanical  Features 

General 

The  mechanical  installation  includes  nine  pumps, 
nine  discharge  valves,  and  auxiliary  equipment. 

Chapter  I  of  this  volume  contains  general  informa- 
tion for  all  plants  in  the  State  Water  Project.  Informa- 
tion which  is  unique  to  South  Bay  Pumping  Plant  is 
included  in  the  following: 
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Equipment  Ratings 
Pumps 

Manufacturer: 


Type: 


Pumps  Nos.  1  and  2 — 

Fairbanks-Morse,  Inc. 
Pumps  Nos.  3  and  4 — 

Peerless  Pump  Co. 
Pumps  Nos.  5  through  9 — 

Johnston  Pump  Co. 
Vertical-shaft,  multistage, 

vertical-turbine,  centrifugal 


Pump  No.  1 

Discharge: 

IS  cfs 

Total  Head: 

611  feet 

Speed: 

1,200  rpm 

Horsepower  (motor  rating): 

1,250 

No.  of  pump  stages: 

6 

Pumps  Nos.  2,  J,  and  4 

Discharge,  each: 

30  cfs 

Total  Head: 

611  feet 

Speed: 

900  rpm 

Horsepower  (motor  rating), 

each: 

2,500 

No.  of  pump  stages: 

5 

Pumps  Nos.  5,  6,  and  7 

Discharge,  each: 

45  cfs 

Total  Head: 

611  feet 

Speed: 

900  rpm 

Horsepower  (motor  rating), 

each: 

4,000 

No.  of  pump  stages: 

4 

Pumps  Nos.  8  and  9 

Discharge,  each: 

45  cfs 

Total  Head: 

611  feet 

Speed: 

900  rpm 

Horsepower  (motor  rating), 

each: 

3,500 

No.  of  pump  stages: 

4 

Pump  Discharge  \  alves 

Manufacturer:         Units  Nos. 

1  through  4 — 

Baldwin-Lima-Hamilton 

Corp. 
Units  Nos.  5,  6,  and  7 — 

Darling  Valve  Manufactur- 
ing Co. 
Units  Nos.  8  and  9 — 

Crane  Co. 
Units  No.  1  through  7 — 

Spherical,  single,  fixed-seat 
Units  Nos.  8  and  9 — 

Tapered  plug  cone 
400  psi 
Two-speed  adjustable,  set 

5  sec.  fast,  45  sec.  remaining 
Operating  System 

Pressure:  Units  Nos.  1  through  4 — 

200  psi 
Units  Nos.  5  through  9 — 

500  psi 


Type: 


Design  Pressure: 
Operating  Time: 


Pumps 

The  pumps  are  multistage,  vertical-turbine,  cen- 
trifugal type,  directly  connected  to  vertical  synchro- 
nous motors.  They  are  suspended  from  the  motor  base 
plates  and  have  90-degree  discharge  elbows  approxi- 
mately 4  feet  below  the  motor  room  floor.  Units  Nos. 
1  through  4  are  manifolded  to  one  discharge  line  and 
Units  Nos.  5  through  9  to  a  second  discharge  line. 

They  were  purchased  and  installed  beginning  in 
1960,  with  Units  Nos.  1  and  2  operational  in  May  1962 
and  completion  of  installation  of  Units  Nos.  5  through 
9  early  in  1969.  This  phased  procurement  of  pump 
units  was  designed  to  match  capital  outlay  with  the 
scheduled  buildup  of  water  deliveries  from  South  Bay 
Aqueduct. 

The  pumps  have  cast-iron  bowl  assemblies,  fabricat- 
ed steel  columns,  water-lubricated  bearings,  and 
bronze  impellers.  Other  features  include  stainless- 
steel  shafting,  and  bronze  and  stainless-steel  wear 
rings.  The  weight  of  the  rotating  parts  and  the  hy- 
draulic downthrust  are  carried  by  Kingsbury  thrust 
bearings  located  in  the  motors. 

The  pumps  are  started  watered  against  closed  dis- 
charge valves.  Air  is  released  through  air  release  valves 
to  allow  water  to  reach  the  packing  boxes  and  water- 
lubricated  bearings  within  a  few  seconds  after  start- 
up. 

Pump  Modifications 

Extensive  pump  modifications  were  necessary  after 
installation  of  the  first  six  units.  During  the  period 
1963  to  1966,  pump  shafts  failed  in  four  of  the  units, 
and  cracks  in  the  pump  columns  were  discovered  at 
the  discharge  elbows.  An  extensive  investigation,  in- 
volving field  testing,  design  analysis,  and  laboratory 
testing,  showed  that  the  large  hydraulic  thrusts  at  the 
pump  discharge  elbows  were  causing  distortion  and 
horizontal  movement  of  the  pump  columns.  This  re- 
sulted in  once-per-revolution  stress  reversals  and 
eventual  fatigue  failures  of  the  shafting. 

Modifications  of  the  pumps  included  replacing  the 
existing  shafts  with  precipitation-hardened  stainless- 
steel  shafts,  providing  welded  reinforcement  for  the 
pump  discharge  elbows  and  motor  base  plates,  adding 
adjustable  steel  plates  behind  the  discharge  elbows  to 
accommodate  the  large  hydraulic  thrusts,  and  adding 
tie  rods  at  the  lower  end  of  the  pump  columns  to 
restrain  column  movement. 

The  modifications  have  proven  successful,  and  no 
serious  problems  have  occurred  in  operation  of  the 
pumps  since  the  modifications  were  made  in  1967. 
The  last  three  units  to  be  installed,  Units  Nos.  5, 6,  and 
7,  had  the  additional  features  incorporated  in  their 
original  design. 

Pump  Discharge  Valves 

A  fixed,  single-seat,  spherical  valve  is  located  on  the 
discharge  side  of  Pump  Units  Nos.  1  through  7.  Units 
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Nos.  8  and  9  have  tapered  plug-cone  valves  on  the 
pump  discharge.  They  are  used  as  shutoff  valves  to 
prevent  backflow  through  the  units  when  they  are 
started  and  stopped  and  to  isolate  each  pump  from  its 
discharge  line  for  inspection  and  maintenance.  The 
valves  are  operated  only  in  their  fully  open  positions 
during  normal  pumping. 

They  are  operated  by  double-acting  hydraulic  cylin- 
ders. The  operators  for  valves  on  Units  Nos.  1  through 
4  are  actuated  by  oil  from  a  200-psi  hydraulic  system, 
while  valve  operators  for  Units  Nos.  5  through  9  are 
actuated  by  a  500-psi  hydraulic  system.  Each  of  the 
two  systems  is  the  air-over-oil  type  and  includes  these 
features:  oil  accumulator;  oil  reservoir  and  pumps;  air 
compressor;  directional  and  flow  control  valves;  con- 
trol panel;  and  piping,  wiring,  and  instruments.  In 
addition,  each  system  includes  a  bank  of  nitrogen  cyl- 
inders to  provide  pressurization  for  the  system  if  a 
compressor  or  other  air  system  failure  occurs. 

Each  valve  opens  and  closes  with  a  two-speed  se- 
quence, controlled  by  a  cam-operated  pilot  valve  at- 
tached to  the  discharge  valve's  main  shaft.  The  rate  of 
discharge  valve  movement  is  controlled  by  metering 
valves  which  restrict  the  rate  of  oil  flow  back  to  the  oil 


Equipment  Handling — Crane 

Installation  and  removal  of  major  equipment,  in- 
cluding pumps,  motors,  and  valves,  is  by  mobile  crane 
furnished  by  local  crane  and  rigging  companies.  A 
60-ton,  minimum-capacity,  mobile  crane  is  required  to 
lift  the  20-ton  maximum  load  because  of  the  boom 
angle  required  to  clear  the  plant  structure.  The  equip- 
ment is  handled  through  removable  hatches  in  the 
plant's  roof. 

The  decision  to  utilize  mobile  crane  service  in  lieu 
of  a  permanent  crane  was  based  on  economic  consid- 
erations determined  during  the  initial  design  stage. 
Since  that  time,  however,  additional  factors  have 
necessitated  a  revaluation  of  that  initial  study.  These 
factors  are:  (1)  costs  for  mobile  crane  service  have 
increased  greatly  since  plant  construction,  (2)  two 
accidents  have  occurred  due  to  slipping  of  mobile 
crane  outrigger  pads,  and  (3)  in-plant  service  of 
equipment  is  impractical  with  mobile  crane  service 
because  of  the  high  hourly  costs  and  the  lack  of  precise 
control  capabilities. 

It  is  anticipated  that  permanent  crane  service  may 
be  added  in  the  future.  This  crane  would  be  a  20-ton, 
outdoor,  gantry  type,  straddling  the  plant.  Addition  of 
a  bridge  crane  or  roof-supported  gantry  is  not  feasible 
because  of  the  extensive  structural  modifications  re- 
quired to  permit  the  plant  to  support  the  additional 
load. 

Surge  Control 

Pressure  surges  caused  by  electrical  service  inter- 
ruptions are  alleviated   by  discharge  valve  closing 


speed  control  and  by  surge  tanks  located  at  the  high 
points  of  the  two  discharge  lines.  Valve  closing  speed 
is  approximately  5  seconds  for  the  first  and  largest 
portion  of  the  closing  sequence  and  approximately  45 
seconds  for  the  remaining  portion,  until  the  valve  is 
seated. 

Auxiliary  Service  Systems 

The  compressed  air,  raw  water,  drainage,  dewater- 
ing,  plumbing,  and  sewage  systems  and  the  water- 
level  equipment  are  described  in  Chapter  I  of  this 
volume. 

Air  conditioning  for  this  plant  was  not  considered 
necessary.  Roof-mounted  evaporative  coolers  were  in- 
stalled to  provide  some  degree  of  cooling;  however, 
problems  with  equipment  temperature,  corrosion  of 
electrical  contacts,  and  extensive  maintenance  re- 
quired to  keep  the  evaporative  coolers  functioning 
properly  have  led  to  a  reconsideration  of  the  initial 
concept.  Refrigerated  air  conditioning  will  be  added 
to  parts  of  the  plant. 

Electrical  Features 

General 

The  electrical  installation  includes  motors,  switch- 
gear,  and  auxiliary  systems  for  station  service  and  pro- 
tection of  equipment  and  personnel.  Information  con- 
tained in  Chapter  I  of  this  volume  is  not  directly 
applicable  to  this  plant  since  it  is  not  typical  of  the 
major  plants  of  the  State  Water  Project. 

Description  of  Equipment  and  Systems 

Essentially,  there  are  two  independent  electrical 
systems.  These  independent  systems  resulted  from  the 
extremely  rapid  increase  in  water  requirements  over 
those  which  were  originally  anticipated.  Units  for  the 
first  half  were  added,  and  the  second  half  of  the  total 
plan  was  constructed  within  the  span  of  a  few  years. 
Normally,  a  single  power  supply  and  station  service 
system  would  have  been  installed  rather  than  the  two 
independent  systems. 

The  nine  motors  are  operated  from  their  4, 160- volt 
supply  (Figure  293).  They  are  started  full-voltage 
with  water  in  the  pump  casing.  The  motors  are  wye- 
connected,  with  neutrals  solidly  grounded.  Three 
power  transformers  at  the  plant  reduce  voltage  from 
60  kV  to  4,160  volts  to  supply  the  motors  and  station 
service  systems.  Transformers  and  high-voltage  pro- 
tection equipment  are  owned  and  maintained  by  the 
utility  company  (Figure  294).  Ownership  of  the 
switchyard  by  the  utility  company  is  unique  to  this 
plant  and  resulted  in  an  economic  advantage  to  the 
Department  of  Water  Resources  through  the  power 
rates.  Circuit  breakers  are  used  to  operate  and  protect 
the  motors  and  station  service  transformers.  Light- 
ning arresters  and  capacitors  on  the  4,160-volt  bus 
protect  the  equipment  from  lightning  or  switching 
surges. 
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3,500-Horsepower  Synchronous  Moto 


Equipment  Ratings 
Motors 

Type:     Vertical-shaft,  synchronous 

Power  factor:     100% 

Frequency:     60  Hz 

Phase:     3 

Volts:     4,000 
Motor  No.  1 

Manufacturer:     Fairbanks-Morse  &  Company 

Horsepower:     1,250 

Speed:     1,200  rpm 
Motor  No.  2 

Manufacturer:     Fairbanks-Morse  &  Company 

Horsepower:     2,500 

Speed:     900  rpm 
Motors  Nos.  3  and  4 

Manufacturer:     Electric  Machinery  Manufac- 
turing Company 

Horsepower:     2,500 

Speed:     900  rpm 
Motors  Nos.  5,  6,  and  7 

Manufacturer:     Fairbanks-Morse  &  Company 

Horsepower:     4,000 

Speed:     900  rpm 
Motors  Nos.  8  and  9 

Manufacturer:     Ideal  Electric  Manufacturing 
Company 

Horsepower:     3,500 

Speed:     900  rpm 
Station  Service 

Transformer  No.  1  (first-stage) 

Volts:     4.160-208Y/120 

Phase:     3 

Frequency:     60  Hz 

kVA:     75 
Transformer  No.  2  (second-stage) 

Volts:     4.160-208Y/120 

Phase:     3 

Frequency:     60  Hz 

kVA:     225 


Figure  294.     Second-Stage  PG&E  Substation 


Two  station  service  transformers  reduce  voltage  for 
the  distribution  cabinets  from  4,160  volts  to  208Y/120 
volts,  3  phase.  Each  transformer  provides  power  to  an 
independent  system.  Protective  relays,  instruments, 
meters,  and  local  control  are  installed  in  the  same 
metal  cabinets  which  house  the  circuit  breakers.  Local 
manual  control  and  controls  for  remote  operation  and 
monitoring  of  certain  features  also  have  been  installed 
(Figure  295).  Volume  V  of  this  bulletin  describes  the 
control  system. 


Figure  295.      South  Bay  Aqueduct  Control  Panel 
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System  Reliability 

The  required  degree  of  service  reliability  for  both 
the  4-kY  and  station  service  systems  was  examined 
during  design.  Although  water  delivery  was  critical  in 
the  service  areas,  an  on-line  storage  reservoir  (Del 
Yalle)  is  available  to  supplement  the  flows  from  South 
Bay  Pumping  Plant.  This  storage  availability  determi- 
nation allowed  the  plant  to  be  partially  or  totally  shut 
down  for  maintenance  and  equipment  replacement. 
Consequently,  a  single  system  was  provided  for  each 
motor  and  component  of  the  station  service  system. 
Back-up  feeders  or  breakers  were  not  installed. 

Motor  Protection 

Motors  were  considered  to  be  a  borderline  rating 
for  the  extent  of  protection  which  was  required.  Since 
they  were  lower  in  cost  and  more  readily  repaired 
than  motors  in  the  major  plants  of  the  Project,  full 
protection  was  not  considered  necessary.  Carbon  di- 
oxide protection  and  a  self-contained  cooling  system 
were  not  provided.  A  more  complete  protective  relay 
system  was  installed  for  the  larger  motors  than  for  the 
1,250-horsepower  motor.  Cost  of  the  motor  and  rela- 
tive cost  of  the  relays  was  the  primary  reason  for  this 
decision.  The  selected  system  also  followed  the  gen- 
eral recommendations  of  the  manufacturers. 

Excitation  System 

Static  exciters  for  the  motors  were  selected  for  this 
plant  after  investigation  of  the  alternates  of  direct- 
connected  exciters  and  a  single  motor-generator  set.  A 
common  system,  using  a  separate  motor-generator  set 
to  supply  excitation  to  all  units,  was  attractive  from 
cost  consideration  but  not  reliability.  Since  the  plant 
operates  unattended,  the  need  for  reliability  was  of 
utmost  importance.  Selection  of  static  exciters  rather 
than  direct-connected  exciters  was  made  primarily  be- 
cause the  static  exciters  were  expected  to  require  less 
maintenance. 

Contracting  Procedures 

A  single  procurement  contract  for  the  motors  com- 
bined with  the  pumps  was  awarded  for  the  initial 
units.  Pump  manufacturers  bid  on  the  combined  pack- 
age. The  combined  procurement  was  utilized  to  make 
one  supplier  responsible  for  satisfactory  performance 
of  the  units;  however,  the  first  units  installed  had 
inadequate  pull-in  torque  and  failed  to  synchronize. 
The  motors  were  removed  and  amortisseur  bars  of 
lower  resistance  were  installed;  after  testing,  the 
modified  motors  were  accepted. 

The  motors  and  pumps  for  subsequent  units  were 
separately  procured.  The  Department  accepted  full 
responsibility  for  coordinating  the  pump  supplier  and 
motor  manufacturer's  designs.  Better  control  of  the 
motor  manufacturer  by  the  Department  was  obtained 
by  separate  procurement  contracts,  and  this  proce- 
dure was  later  followed  on  other  comparable  pump 
and  motor  contracts. 


Motor  Troubles 

A  motor  winding  has  failed  three  times  in  approxi- 
mately ten  years  of  operation.  A  single-phase  failure 
to  ground  occurred  on  the  steel  ring  used  to  brace  the 
end  turns  of  the  stator  windings.  Each  time,  the  fault 
was  cleared  by  the  protective  relays  with  sufficient 
speed  to  prevent  serious  damage.  A  complete  rewind 
of  the  stator  was  required  to  assure  reliability  rather 
than  partial  repair  as  was  done  previously.  Specifica- 
tions for  rewinding  required  greater  clearance  be- 
tween the  tie  ring  and  the  windings  as  well  as  careful 
attention  to  the  insulation,  tie,  and  blocking  materials. 

Loosening  of  the  pole  linkage  bars  for  the  amortis- 
seur windings  has  been  detected  and  repaired  on  three 
other  motors.  They  would  have  failed  within  a  short 
time  if  not  corrected.  Repair  was  done  by  brazing  the 
connections. 

Electrical  troubles  of  the  nature  experienced  with 
these  motors  can  be  anticipated  when  repeated  starts 
are  made  with  full  voltage  and  high  torques.  Since  this 
method  of  starting  has  the  advantage  of  less  equip- 
ment and  greater  starting  reliability,  it  was  selected 
rather  than  a  system  which  would  give  longer  motor 
life. 


Construction 

Contract  Administration 

General  information  about  the  major  contracts  for 
the  construction  of  the  South  Bay  Pumping  Plant  is 
shown  in  Table  5.  The  plant  structure  was  construct- 
ed in  two  stages,  and  the  major  equipment  was  fur- 
nished and,  in  some  cases,  installed  under  separate 
contracts. 


First-Stage  Construction 

Site  Excavation.  The  initial  site  excavation  for 
South  Bay  Pumping  Plant  was  an  open  cut  of  approxi- 
mately 9,800  cubic  yards  made  by  scrapers  assisted  by 
push  dozers  equipped  with  rippers.  During  excava- 
tion, a  slide  occurred  necessitating  the  widening  of  the 
cut  to  arrest  further  sliding.  The  site  was  initially 
excavated  in  1960  (Figure  296). 

Dewatering  Operations.  Although  exploratory 
borings  showed  ground  water  to  within  4  feet  of  the 
ground  surface,  the  site  was  readily  dewatered  by 
pumping  from  sumps. 

Structural  Excavation  and  Backfill.  The  final  ex- 
cavation also  was  completed  during  1960.  In  general, 
the  excavation  to  final  grade  was  made  by  draglines, 
clamshells,  front-end  loaders,  and  graders,  aided  by 
light  blasting  of  calcareous  sandstone  beds.  Excava- 
tion for  the  footing  key  at  the  back  of  the  plant  was 
made  by  line  drilling  and  shooting.  Light  blasting  also 
was  necessary  to  clear  a  few  large  isolated  blocks  of 
sandstone  in  the  vicinity  of  the  south  wingwall.  Ex- 
tensive use  of  jackhammers  was  necessary  to  achieve 
final  grade  in  the  excavation.  Temporary  cut  slopes 
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TABLE  5.     Major  Contracts — South  Bay  Pumping  Plant 


Low  bid 

Final 

Total  cost — 

Starting 

Comple- 

Specification 

amount 

contract  cost 

change  orders 

date 

tion  date 

Prime  contractor 

South  Bay  Pumping  Plant 

and  discharge  line 

60-01 

5815,270 

$869,156 

234,996 

6/  1/60 

5/23/62 

Fred  J.   Early,  Jr.,   Co., 

Furnish  pump  units  Nos.  3 

nc. 

and  4  for  South  Bay 

Pumping  Plant 

63-13 

108,300 

114,256 

333 

4/11/63 

4/12/64 

FMC,    Hydrodynamics 
Division  Peerless  Pump 

Install  units  for  South  Bay 

Pumping  Plant 

63-15 

79,880 

88,222 

7/25/63 

5/15/64 

Fred  J.   Early,  Jr.,   Co., 
Inc. 

Furnish  pump  units  Nos.  8 

and  9  for  South  Bay 

Pumping  Plant-. 

63-33 

129,021 

141,860 

7,640 

10/24/63 

10/  8/64 

Johnston  Pump  Company 

South  Bay  Pumping  Plant 

and  discharge  manifold 

63-34 

592,777 

632,926 

36,063 

10/22/63 

8/31/65 

S  &  Q  Construction  Co. 

Discharge  valves  and   hy- 

draulic system  for  South 

Bay  Pumping  Plant 

63-40 

52,921 

48,626 

__ 

2/25/64 

1/  4/65 

Chapman  Valve  Mfg.  Co. 

Vertical    motors    pumping 

units  Nos.  5,  6,  and  7  for 

South  Bay  Pumping 

Plant — 2nd  stage 

67-13 

254,952 

265,175 

5/  1/67 

6/18/70 

Fairbanks-Morse  Co. 

Completion  of  South  Bay 

Pumping  Plant — 2nd 

stage  units — Units  Nos.  5, 

6,  and  7 

67-35 

568,485 

598,944 

27,832 

10/17/67 

6/16/69 

Wismer   &  Becker  Con- 

tracting Engineers 

held  up  well  with  the  exception  of  a  few  minor  dip- 
slope  failures  in  the  south  wall  of  the  cut. 

Approximately  4,300  cubic  yards  of  native  material 
was  used  for  structural  backfill  which  was  compacted 
by  gasoline-powered  manually  held  tampers.  Oversize 
stones  were  removed  by  hand. 

Concrete  Placement.  Concrete  for  the  first-stage 
pumping  plant  was  furnished  by  a  commercial  transit 
mix  company.  Concrete  was  batched  at  the  plant  and 
mixed  in  transit  mixers  en  route  to  the  construction 
site. 

The  concrete  was  composed  of  Type  II  cement. 
Two  basic  mixes  were  used:  one  with  5'/2  sacks  of 
cement  per  cubic  yard  and  one  with  6.  In  both  mixes, 
pozzolan  was  substituted  for  approximately  15%  of 
the  cement,  and  an  air-entraining  agent  was  used  to 
entrain  approximately  4%  air  (by  volume). 

Universal  form  panels  were  used  to  form  the  plant 
substructure,  retaining  walls,  and  drainage  chute. 
Conventional  plywood  forms  were  used  for  the  plant 
superstructure.  The  universal  form  panels  were  com- 
pletely disassembled,  cleaned,  and  oiled  after  each  use. 

Concrete  was  cured  by  water  or  by  membrane  cur- 
ing compound.  Water  curing  was  generally  by  flood- 
ing or  by  soaker  hoses.  Vertical  surfaces  usually  were 
wet  as  soon  as  the  forms  could  be  loosened  and  were 
kept  damp  for  14  days.  Surfaces  which  would  be  later 
covered  or  backfilled  were  membrane-cured. 

Discharge  Line.  Approximately  12,000  cubic  yards 
of  material  was  excavated  for  the  steel  pipe.  N4ost  of 
the  material  was  Panoche  sandstone  and  shale  with  an 


average  of  3  to  4  feet  of  soil  cover.  Excavation  was 
made  with  a  backhoe  facilitated  by  line  drilling  and 
blasting.  Holes  were  drilled  at  5-foot  centers  and  load- 
ed with  22  pounds  of  40%  Hercules  Powder. 

In  general,  near-vertical  trench  sides  were  stable  10 
to  1 5  feet  high.  Several  areas  where  the  excavation  was 
about  18  feet  deep  proved  unstable,  and  the  upper 


Figure  296.     Completed  Rough  Plant  Excavation — First-Stage  Construction 
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portions  of  the  trench  sides  were  sloped  back  suffi- 
ciently to  provide  stability  (Figure  297). 

Final  cleanup  of  the  pipe  trench  was  made  by  a 
small  track-type  tractor  equipped  with  a  front-end 
loader  which  also  was  used  to  spread  and  shape  the 
sand  bedding  material  for  the  pipe. 

After  fabrication  in  nominal  40-foot  lengths,  the 
pipe  was  transported  to  a  yard  where  it  was  lined  and 
coated  with  coal-tar  enamel.  Then  it  was  trucked  to 
the  site  and  placed  directly  in  the  trench.  The  work 
was  scheduled  to  permit  direct  installation  to  mini- 
mize damage  to  the  coating  through  handling. 

Pipe  joints  were  butt-welded  and  radiographed  and, 
after  all  defects  were  corrected,  the  interior  surfaces  of 
the  joints  were  coated  with  coal-tar  enamel.  Outside 
surfaces  were  wrapped  with  20-mil  plastic  tape  with 
a  50%  lap.  After  final  inspection  of  the  pipe  coating 
by  a  holiday  detector,  sand  backfill  was  placed  over 
the  pipe  and  consolidated  by  jetting  and  vibrating. 
Following  that,  the  trench  was  backfilled  with  ex- 
cavated material  and  the  site  was  cleaned  up. 

Surge  Tank.  The  surge  tank  was  founded  on  firm 
Panoche  sandstone.  The  18-foot-deep  excavation 
slopes  varied  from  l'/2:l  to  1:1.  The  tank  was  shop-fab- 
ricated in  two  main  sections,  both  13-foot  inside  diam- 
eter. The  sections,  one  15  feet  and  5  inches  long  and 
one  78  feet  and  9  inches  long,  were  shipped  by  rail  and 
trucked  to  the  job  site  and  installed. 

During  erection,  chokers  instead  of  the  lifing  lugs 
were  used  making  it  difficult  to  maneuver  the  tank 
section  into  position,  necessitating  the  use  of  two 
cranes  with  booms  shorter  than  the  top  of  the  tank. 

It  was  difficult  to  obtain  an  acceptable  field  weld 
due  to  strong  wind.  Most  of  the  original  field  welds 
were  removed  by  backgouging  and  rewelded  from  in- 
side the  tank.  Before  final  acceptance  of  the  weld,  it 
was  radiographed  to  spot  defects  which  were  removed 
and  rewelded. 

A  bulkhead  was  erected  at  the  surge  tank  outlet  in 
December  1961.  A  steel  bulkhead  was  placed  at  the 
surge  tank  outlet,  flush  with  the  inside  of  the  tank,  and 
sealed  with  a  gasket  material  made  of  rubber-insulated 
electrical  wire.  The  tank  was  filled  for  the  first  time 
in  late  December  1961  and  was  watertight. 

Second-Stage  Construction 

Modification  to  First-Stage  Work.  To  prevent  a 
large  inflow  of  water  into  the  excavation  for  the  sec- 
ond-stage South  Bay  Pumping  Plant  and  to  permit 
excavation  in  the  dry,  it  was  necessary  to  construct  a 
cofferdam  in  the  north  area  of  the  first-stage  South 
Bay  Pumping  Plant  north  wingwall. 

Bracing  for  the  north  wingwall  also  was  provided 
because  it  was  not  designed  to  withstand  the  un- 
balanced pressure  resulting  from  the  excavation  on 
the  north  side  of  the  wingwall.  The  bracing  consisted 
of  a  concrete  thrust  block  with  two  levels  of  H-beam 
braces. 


Figure  297.      Placing  54-Inch  Steel  Discharge  Pipe  in  Trench 


The  cofferdam  was  formed  by  driving  36  sheet  piles 
in  front  of  the  two  levels  of  H-beam  bracing.  Initially, 
the  sheet  piling  was  driven  with  an  85-pound  jackham- 
mer  but,  due  to  slow  progress;  was  completed  with  an 
800-pound  air-driven  hammer.  Additional  soil  was 
placed  on  the  water  side  of  the  sheet  piling  to  decrease 
the  seepage  into  the  excavation. 

Sheet  piling  also  was  driven  at  the  northeast  corner 
of  the  existing  first-stage  pumping  plant  to  stabilize 
the  consolidated  backfill  for  the  first-stage  pipe  and 
the  drain  rock.  This  sheet  piling  also  served  to  restrict 
the  flow  of  water  into  the  excavation  from  the  drain 
material  around  the  first-stage  pumping  plant. 

The  contractor  was  required  to  remove  the  north  6- 
to  9-inch-thick  concrete  wall  of  the  superstructure  of 
the  first-stage  pumping  plant  and  install  a  temporary 
wall.  This  north  wall  had  been  joined  to  the  perma- 
nent structure  by  a  cold  joint  and  was  doweled  to 
facilitate  removal.  A  temporary  stud  and  plywood 
wall  was  installed  (Figure  298). 

Site  Excavation.  Site  and  forebay  excavation  in- 
cluded the  removal  and  disposal  of  all  materials  above 
the  design  finish  grade  elevations,  all  excavation  on 
the  upstream  side  of  the  trashrack  piers  including 
sloping  of  the  forebay  cut,  and  all  excavation  neces- 
sary for  a  paved  drainage  ditch.  Site  excavation  began 
in  November  1963  using  two  scrapers,  two  dozers,  and 
a  motor  grader. 

Excavated  material  suitable  for  compacted  backfill 
was  stockpiled  on  the  west  side  of  the  Pumping  Plant, 
and  the  rest  of  the  excavated  material  was  wasted  in 
the  designated  area  across  the  forebay  to  the  east  of  the 
plant.  Most  of  the  site  excavation  was  completed  prior 
to  the  start  of  structure  excavation,  and  the  remainder 
was  done  after  completion  of  the  structure. 

Some  of  the  forebay  excavation  for  the  area  up- 
stream of  the  trashrack  piers  was  made  in  conjunction 
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Figure   298.     Temporary  Stud 


with  the  structure  excavation.  However,  most  of  the 
forebay  excavation  commenced  on  November  16, 
1964,  after  much  of  the  plant  structure  was  completed. 
The  forebay  level  was  scheduled  to  be  raised  to  eleva- 
tion 241  feet  bv  December  1,  1964  to  ensure  sufficient 
water  storage  in  Bethany  Reservoir  for  water  deliver- 
ies during  the  planned  shutdown  of  the  Delta-Men- 
dota  Canal  from  December  1,  1964  to  February  1,  1965. 
The  Canal  was,  at  that  time,  the  source  of  water  for 
Bethany  Reservoir.  Therefore,  it  was  desirable  to 
complete  the  forebay  excavation  before  the  water  level 
was  raised  to  elevation  241  feet. 

All  material  in  the  drv  between  the  cofferdam, 
wingwalls,  and  structure  was  removed  by  a  backhoe, 
dozer,  and  two  scrapers.  The  backhoe  could  not  han- 
dle the  hard  sandstone  and  progress  was  slow.  The 
cofferdam  was  removed  on  November  19,  1964.  In  late 
November,  it  was  necessary  to  start  raising  the  reser- 
voir level,  and  it  was  then  apparent  that  the  forebay 
excavation  would  not  be  completed  before  the  reser- 
voir level  rose  to  elevation  241  feet,  and  operations 
were  suspended.  In  February  1965,  after  the  reservoir 
level  was  lowered,  the  forebay  excavation  was 
resumed  by  drilling  and  blasting  the  rock  and  hauling 
the  excavated  materials  in  scrapers  loaded  by  a  small 
dragline.  In  March  1965,  all  site  and  forebay  excava- 
tion essentially  was  complete.  Approximately  8,700 
cubic  yards  were  excavated. 

Structural  Excavation.  Excavation  for  structures 
included  the  removal  and  disposal  of  all  material  to 
finish  grade  for  the  construction  of  the  Pumping 
Plant,  appurtenances,  piping,  manifold,  concrete  an- 
chors, and  sewer  lines.  The  plant  structure  excavation 
was  made  with  two  scrapers,  a  dozer,  and  a  backhoe. 
Drilling  and  blasting  of  hard  rock  were  necessary. 
Foundation  trenches  were  excavated  bv  hand. 

Keeping  structure  excavation  dry  was  difficult  due 


to  inflow  of  water  through  the  cofferdam  and  from 
around  the  drain  rock  placed  on  the  side  of  the  first- 
stage  pumping  plant.  A  diver  was  used  to  plug  the 
4-inch-diameter  weep  holes  in  the  first-stage  pumping 
plant  wingwalls  and  intake  wells  to  reduce  the  water 
coming  from  around  the  first-stage  plant.  Sump 
pumps  also  were  used  to  keep  the  excavation  dewa- 
tered. 

Part  of  the  excavation  for  the  discharge  lines  and 
manifold  was  completed  using  the  above  equipment, 
but  both  a  grader  and  an  excavator  were  used  for  the 
manifold  excavation  which  was  slow  due  to  equip- 
ment breakdown  resulting  from  the  hard  rock.  All 
manifold  excavation  was  completed  in  October  1964. 

Backfill.  Compacted  backfill  was  placed  around 
the  structure  using  mechanical  hand  tampers  and  air 
hammers  for  tight  areas  and,  where  space  permitted, 
a  sheepsfoot  roller.  Material  for  structure  backfill  was 
selected  and  stockpiled  in  the  area  west  of  the  plant 
and  moisture-conditioned  in  the  stockpile  before  tran- 
sporting to  the  placement.  Ninety-five  percent  rela- 
tive compaction  was  required  for  all  compacted 
backfill. 

A  curtain  of  free-draining  material  ('/16  to  l'/2 
inches)  2  feet  wide  was  placed  and  consolidated  along 
the  exterior  of  the  plant  structure  and  below  the  valve 
gallery  floor  slab.  This  curtain  extends  from  elevation 
226  feet  to  elevation  245  feet  on  the  north  side  of  the 
plant  and  to  elevation  251  feet  on  the  west  side  of  the 
plant.  The  4-inch  weep  holes  in  the  north  wingwall 
and  intake  wall  join  this  drain  curtain.  The  drain  rock 
was  flooded  and  then  consolidated  3  to  6  inches  by 
immersion-type  vibrators.  This  material  was  placed 
concurrently  with  the  adjacent  backfill  using  a  2-foot- 
high  wood  form  braced  to  the  wall  to  separate  the 
materials  and,  after  removing  the  form,  revibrating 
the  drain  rock. 

The  consolidated  backfill  was  placed  in  the  mani- 
fold and  discharge  pipe  area  from  3  inches  below  the 
discharge  pipe  to  within  2  feet  of  final  grade.  Concrete 
sand  was  used  for  the  backfill  and  was  consolidated  to 
95%  of  the  maximum  density  by  flooding  and  using 
3-inch  and  6-inch  immersion-type  vibrators. 

Concrete  Placement.  The  concrete  for  this  con- 
tract was  batched,  mixed,  and  transported  by  a  com- 
mercial transit  mix  company  located  in  Tracy, 
California.  Sand  and  aggregate  were  obtained  from  a 
pit  adjacent  to  Tracy.  Type  II  cement,  pozzolan,  an 
air-entraining  agent,  and  a  water-reducing  agent  were 
used  in  all  concrete  mixes.  Three  different  concrete 
mixes  plus  a  starter  mix  were  used  and  transported  to 
the  job  site  in  6-cubic-yard  transit  mix  trucks. 

In  August  1964,  concrete  placements  for  the  ex- 
posed pumping  plant  walls  began  before  6  a.m.  and 
were  completed  by  10  a.m.,  or  sufficient  ice  was  sub- 
stituted for  mixing  water  to  maintain  the  concrete 
temperature  below  80  degrees  Fahrenheit  when  dis- 
charged from  the  transit  mixer.  The  coefficient  of  var- 
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iation  of  7.7%  for  the  28-day  concrete  strengths  was 
excellent. 

Both  standard-type  forms  (plywood,  studs,  and  wal- 
ers)  and  universal  form  panels  were  used.  The  sub- 
structure was  divided  into  three  approximately 
10-foot  lifts  above  the  foundation  slab,  and  each  lift 
was  divided  into  two  separate  placements  (Figure 
299).  The  contractor  ganged  the  universal  forms  into 
10-foot-high  panels  for  the  required  widths  in  the  sub- 
structure walls.  The  superstructure  wall  panels  were 
ganged  into  16-foot-high  panels. 

There  were  21  major  structure  concrete  placements 
for  the  substructure,  superstructure,  and  wingwall 
along  with  minor  concrete  placements.  Except  for  the 
usual  problems  involved  in  getting  the  forms  ready  for 
concrete  placements,  most  placements  were  routine. 
The  ganged  universal  form  sections  were  difficult  to 
align.  All  concrete  surfaces  were  water-cured  except 
those  surfaces  later  covered  with  concrete  or  earth 
which  were  membrane-cured. 

Discharge  Lines  and  Manifold.  The  discharge 
manifold  was  transported  to  the  job  site  in  four  sec- 
tions for  field  assembly  and  welding.  The  30-inch- 
diameter  piping  was  furnished  with  extra  length  to 
permit  cutting  and  final  field  fitting.  All  field  welds 
were  100%  radiographed  and  defective  weld  areas 
removed  by  an  air  arc.  After  rewelding,  the  areas  were 
radiographed  again  and  rewelded,  if  required. 

The  fabrication  of  one  manifold  section  was  not 
correct.  The  outlet  for  an  8-inch-diameter  blowoff  line 
was  misplaced  4  feet  downstream,  and  4  feet  of  an 
8-inch-diameter  steel  pipe  and  an  elbow  were  added  to 
correct  this,  requiring  the  placement  of  additional 
thrust  block  concrete. 

Installation  of  the  manifold  and  discharge  lines 
commenced  on  October  1,  1964  and  were  ready  for 
hydrostatic  testing  on  October  29,  1964.  Instead  of 
hydrostatic  testing  the  manifold  and  discharge  pipes, 
by  installing  a  bumped  head  on  each  of  the  30-inch- 
diameter  discharge  pipes  and  at  the  66-inch-diameter 
end  of  the  manifold  as  specified,  the  contractor  ob- 
tained approval  to  connect  the  discharge  piping  to  the 
embedded  pipe  sections  with  dresser  couplings  and 
test  against  the  concave  side  of  the  bumped  head  on 
the  manifold  and  against  the  blind  flanges  installed  on 


30-inch-diameter  discharge  pipes  in  the  valve  gallery. 
The  contractor's  approved  detail  proposed  four  clips 
and  a  saddle  welded  on  the  discharge  pipe  on  each  side 
of  the  dresser  coupling  with  four  l'/2-inch-diameter 
bolts  securing  the  pipe  against  the  longitudinal  force. 
The  underside  clips  and  bolt  were  unusable  due  to 
interference  by  the  concrete  supports  for  the  dis- 
charge pipe  so  additional  /g-inch-thick  steel  straps 
were  welded  across  the  three  remaining  clips  of  the 
dresser  coupling. 

The  manifold  and  discharge  pipe  were  filled  with 
water  and  tested  on  November  2,  1964,  at  100  to  300 
pounds  per  square  inch  gauge  (psig).  Several  small 
leaks  developed  at  the  dresser  couplings  which  were 
corrected  by  adjusting  the  dresser  couplings.  At  375 
psig,  the  anchor  clips  started  bending  so  the  test  was 
discontinued.  After  reinforcing  the  anchor  clips  by 
additional  welding  and  steel  straps,  the  hydrostatic 
test  was  resumed  on  November  3,  1964.  The  pressure 
was  brought  up  to  400  psig  without  incident.  All 
welds  and  joints  were  checked  with  the  pressure  held 
at  400  psig  and  found  to  be  satisfactory  with  no  leak- 
age. After  satisfactory  completion  of  the  hydrostatic 
test,  the  manifold  was  encased  in  concrete  and  back- 
filled. 

As  described  above,  the  test  at  400  psig  was  made 
against  the  concave  side  of  the  bumped  head  on  the 
66-inch-diameter  end  of  the  manifold.  After  comple- 
tion of  the  manifold  installation,  the  contractor  for  the 
second-stage  discharge  line  proposed  to  hydrostatic 
test  that  line  against  this  bumped  head  from  the  con- 
vex side.  When  the  line  was  nearly  filled,  the  bumped 
head  failed,  filling  the  manifold  with  water.  Flooding 
of  the  plant  was  prevented  by  the  blind  flanges  and 
the  plant  discharge  valves.  The  water  discharged 
through  an  open  20-inch-diameter  manhole  in  the 
manifold,  damaging  the  pumping  plant  exterior  and 
silting  the  forebay.  Subsequent  tests  were  satisfactory. 

Other  Construction 

Construction  of  the  pumping  plant  superstructure 
and  other  building  components  was  routine. 

Pumping  units  were  furnished  and  installed  by  sev- 
eral different  contractors  in  separate  phases.  No 
unusual  methods  were  employed. 
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Figure  299.      Forms  for  Second  Lift 


The  following  engineering  drawings  may  be  found  in  consecutive  order  im- 
mediately after  this  reference  (Figures  300  through  318). 
Figure 
Number 

300  General  Plan 

301  Elevations  and  Roof  Plan — Second  Stage 

302  Floor  Plan — Second  Stage 

303  Transverse  Section  and  Details — Second  Stage 

304  Longitudinal  Section — Second  Stage 

305  Floor  Plan — First  Stage 

306  Discharge  Line — Plan  and  Profile 

307  Surge  Tank — General  Plan 

308  Discharge  Line — Anchor  Details 

309  Discharge  Manifold — Second  Stage 

310  Surge  Tank — Second  Stage 

3 1 1  Flow  Tubes 

312  Discharge  Valves  and  Piping 

313  Hydraulic  System  Schematic — Second  Stage 

314  Pump  Reinforcement  Details — Second  Stage 

315  Single-Line  Diagram — First  Stage 

316  Electrical  Installation — Unit  No.  3 

317  Single-Line  Diagram — Second  Stage 

318  Single-Line  Diagram — Unit  No.  5 
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Figure  300.     General  Plan 
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Figure  301.     Elevotions  and  Roof  Plan — Second  Stage 
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Figure  302.      Floor  Plan — Second  Stage 
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Figure   303.     Transverse  Section  and  Details — Second  Stage 
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Figure   304.      Longitudinal  Section — Second  Stage 
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Figure  305.     Floor  Plan— First  Sta 
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Figure  306.     Discharge  Line — Plan  and  Profile 
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Figure   307.     Surge  Tank — General  Plan 
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Figure  308.     Discharge  Line — Anchor  Details 
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Figure   309.     Discharge  Manifold — Second  Stage 
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Figure   310.      Surge  Tank — Second  Stage 
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Figure  311.     Flow  Tubes 


270 


fc3T*fl£-    < 


I    ■     -     T- 


r  I  i 


0  '  v 


L 


J./ 


Figure  312.     Discharge  Valves  and  Piping — Second  Stage 
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Figure  313.     Hydraulic  System  Schematic — Second  Stage 
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Figure  314.      Pomp  Reinforcement  Details — Second  Stage 
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Figure  315.     Single-Line  Diagrom— First  Stage 
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Figure  316.      Electrical  Installation — Unit  No.  3 
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Figure  317.     Single-Line  Diagram — Second  Stage 
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Figure  318.     Single-Line  Diagram — Unit  No.  5 
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Figure  319.     Location  Map — Del  Voile  Pumping  Plant 
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CHAPTER  VI.     DEL  VALLE  PUMPING  PLANT 


General 

Location 

Del  Yalle  Pumping  Plant  is  located  immediately 
downstream  of  Del  Valle  Dam,  which  is  approximate- 
ly 4/4  miles  south  of  Livermore,  California,  just  off 
Arroyo  Road  in  Alameda  County  (Figures  319,  320, 
and  321). 

Purpose 

This  plant  is  used  to  pump  water  during  low  de- 
mand periods  from  the  South  Bay  Aqueduct  into  Lake 
Del  Valle  for  storage  and  to  convey  water  back  to  the 
Aqueduct  when  the  demand  is  high.  Actually,  the 
plant  serves  as  a  booster  station  in  the  branch  line 
between  South  Bav  Aqueduct  and  the  Lake  (Figure 
320). 


Description 

This  plant  is  small  compared  with  most  of  the  other 
State  Water  Project  pumping  plants.  Its  dimensions 
are  30  by  100  feet,  not  including  adjoining  structures 
for  valve  pits  and  office  wing.  The  substructure  is 
reinforced  concrete,  and  the  superstructure  consists  of 
structural  steel  with  precast,  concrete,  wall  panels  and 
metal  deck  roof.  The  plant  houses  four  horizontal  cen- 
trifugal pumps  with  a  30-cubic-foot-per-second  ca- 
pacity per  unit,  at  a  design  head  of  60  feet.  Each  pump 
is  driven  by  a  variable-speed  electric  motor  rated  30  to 
225  horsepower.  Total  plant  capacity  is  120  cubic  feet 
per  second  (cfs).  A  10-ton  bridge  crane  is  provided  for 
installing  and  servicing  plant  equipment  (Figure 
322). 

Representative  drawings  are  included  at  the  end  of 
this  chapter. 


Figure  320.      Del  Valle  Dam,  Lake  Del  Valle,  and  Del  Valle  Pumping  Plant 


279 


Figure  321 


Pumping  Plant 


Geology 

Site  Geology 

Del  Yalle  Pumping  Plant  foundation  is  within  an 
old  stream  terrace  underlain  by  bedrock.  The  terrace 
material  is  Recent  alluvium,  consisting  of  fine-grained 
sandy  clay  overlying  sandy  gravel.  Beneath  the  allu- 
vium are  Cretaceous  Panoche  formation  and  Miocene 
Cierbo  formation.  Panoche  formation  consists  of  firm- 
to-slightly-soft  sandstone  with  a  few  thin  beds  of  firm 
shale.  Cierbo  formation  consists  of  loose  sandstone 
and  slickensided  siltstone  and  claystone.  This  forma- 
tion includes  swelling  clays  that  are  considerably  soft- 
er than  the  Panoche.  A  shear  contact  between  the  two 
formations  extends  across  the  floor  of  the  plant  exca- 
vation. Other  minor  shears  were  exposed  in  the  exca- 
vation. One  shear  on  the  south  end  of  the  west  wall, 
in  Panoche  formation,  distinctly  separates  distorted 
siltstone  and  claystone  from  friable  sandstone.  Most  of 
the  shearing  is  parallel  to  the  bedding. 

Geologic  Exploration 

Geologic  exploration  consisted  of  several  spin  auger 
holes,  six  rotary  core  holes,  and  a  seismic  refraction 
survey.  A  pitcher  core  barrel  was  used  to  obtain  undis- 
turbed samples  for  laboratory  testing. 

Instrumentation 

Because  the  Pumping  Plant  is  small  and  extensive 
surveillance  instrumentation  has  been  incorporated  at 
Del  Valle  Dam  nearby,  no  instrumentation  is  installed 
at  the  plant  site. 


Figure  322.     Interior  View  of  Plant 
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Seismicity 

The  Pumping  Plant  is  in  a  seismically  active  region. 
Major  faults  in  the  area  include  the  Calaveras  8  miles 
west,  the  Hayward  1 3  miles  west,  and  the  San  Andreas 
30  miles  west. 

Civil  Features 

Preliminary  Studies 

Studies  for  the  plant  siting  were  governed  by  the 
topography  of  the  narrow  canyon  and  alignment  of 
the  Del  Valle  Branch  Pipeline.  The  site  selected  is 
adjacent  to  the  outlet  works  service  road,  is  approxi- 
mately 900  feet  from  the  toe  of  the  Dam,  and  is  about 
l'/2  miles  south  of  South  Bay  Aqueduct.  Geologic  ex- 
ploration subsequently  confirmed  the  adequacy  of  the 
foundation.  After  operational  studies  were  complete, 
pumps  were  selected  and  plant  size  determined. 

Site  Development 

Site  development  began  in  1967  when  the  hillside  at 
the  site  was  graded  level  to  provide  approximately  one 
acre  of  working  area  for  the  plant.  An  entrance  road, 
300  feet  long,  was  constructed  to  connect  the  plant  to 
the  outlet  works  service  road.  Following  excavation 
for  and  construction  of  the  plant  structure  and  mani- 
fold, the  area  was  backfilled.  Paving  was  placed 
around  the  plant  as  well  as  on  the  entrance  road.  A 
perimeter  strip  around  the  plant  was  landscaped.  In 
addition  to  this  work,  a  small  switchyard  and  sanitary 
disposal  field  were  constructed  on  the  downhill  side 
behind  the  plant.  In  1969  chain-link  fencing,  with  a 
gate  at  the  entrance  road,  was  installed  around  the 
entire  site. 

Plant  Structure 

Construction  of  the  plant  structure  was  accom- 
plished under  one  contract.  Under  the  same  contract, 
all  plant  equipment,  including  four  30-cfs  pumping 
units,  was  installed. 

The  plant  substructure  is  built  of  reinforced  con- 
crete. Under  the  unit  bays,  a  3-foot-thick  mat  founda- 
tion with  the  base  at  elevation  580  feet  was  provided. 
This  mat  is  founded  upon  moderately  weathered  clay- 
stone-sandstone  material.  At  the  northeast  corner, 
where  the  formation  dips  below  elevation  580  feet, 
overburden  was  removed  and  concrete  backfill  was 
placed  to  provide  uniform  bearing  for  the  plant.  Walls 
constructed  at  the  perimeter  of  the  mat  extend  the 
substructure  to  the  ground  floor  at  elevation  596  feet. 
Four  concrete  valve  pits  were  built  integral  with  the 
plant,  one  at  each  corner.  These  pits  provide  access  to 
the  valves  that  control  the  direction  of  pipeline  flow. 
Manifold  pipes  extend  through  these  valve  pits  and 
bypass  the  plant.  At  the  south  end  of  the  plant  are  a 
service  bay,  office,  toilet,  and  storage  facility.  The  sub- 
structure for  this  part  of  the  plant  has  a  6-inch  con- 
crete floor  slab  supported  at  the  edges  by  a  continuous 
concrete  wall  footing. 


The  superstructure  is  built  with  rigid  steel  frames 
which  support  the  roofing,  precast  concrete  walls,  and 
a  10-ton  bridge  crane.  The  superstructure  is  100  by  30 
feet  in  plan  and  29  feet  -  3  inches  in  height.  The  adjoin- 
ing wing  structure  for  the  office,  toilet,  and  storage 
facility  has  concrete  block  walls  with  steel  beams  sup- 
porting the  roof  decking.  This  addition  to  the  plant 
structure  provides  770  square  feet  of  floor  space  with 
a  ceiling  height  of  9  feet. 

Because  of  its  location,  this  plant  was  designed  to 
comply  with  the  earthquake  design  provisions  of  the 
Uniform  Building  Code  rather  than  the  earthquake 
design  criteria  discussed  in  Chapter  I  of  this  volume. 

Waterways 

Waterways  at  Del  Valle  Pumping  Plant  include  Del 
Yalle  Branch  Pipeline  which  extends  from  South  Bay 
Aqueduct  (Del  Valle  Pipeline)  to  the  Pumping  Plant, 
a  manifold  at  the  plant,  and  a  pipeline  from  the  mani- 
fold to  Lake  Del  Yalle  conservation  outlet  works.  Del 
Yalle  Branch  Pipeline  is  discussed  in  Yolume  II  of  this 
bulletin.  Discussion  in  this  chapter  is  limited  to  the 
manifold  and  the  pipeline  to  the  conservation  outlet 
works. 

This  plant  is  basically  a  booster  plant  installed  on 
Del  Yalle  Branch  Pipeline  to  pump  water  between 
South  Bay  Aqueduct  and  Lake  Del  Yalle  in  either 
direction  to  meet  operational  requirements.  The 
manifold  is  connected  to  the  four  pumps  on  both  the 
intake  and  outlet  sides.  To  accommodate  gravity  flow, 
a  bypass  line  was  provided  around  the  plant  perime- 
ter. To  provide  control  of  flow  in  either  direction, 
four  butterfly  valves  were  installed  in  pits  located  out- 
side of  and  adjacent  to  the  four  corners  of  the  plant. 

Pumping  into  Lake  Del  Yalle  is  required  when  the 
lake  water  surface  is  above  the  hydraulic  gradeline  of 
South  Bay  Aqueduct.  Pumping  is  also  required  for 
flows  from  Lake  Del  Yalle  when  the  lake  water  sur- 
face is  below  the  aqueduct  hydraulic  gradeline.  Lender 
some  conditions,  gravity  flow  will  occur  from  the 
Lake  to  the  Aqueduct  and  from  the  Aqueduct  to  the 
Lake. 

The  Del  Valle  Branch  Pipeline  system  is  capable  of 
drawing  down  Lake  Del  Yalle  at  a  rate  of  120  cfs  until 
the  lake  water  surface  reaches  elevation  639  feet,  or 
filling  the  Lake  at  the  same  rate  until  the  water  surface 
reaches  elevation  704  feet.  Principal  components  of 
the  conduit  system,  not  including  Del  Yalle  Branch 
Pipeline,  are  the  manifold  and  buried  pipeline. 

Manifold.  The  manifold  consists  of  60-inch-diam- 
eter  steel  pipes  placed  around  the  periphery  of  the 
plant,  a  30-inch  bypass  pipe,  four  suction  and  dis- 
charge pipes,  two  20-inch  manhole  nozzles,  and  appur- 
tenant valves.  The  northwest  corner  of  the  manifold 
has  a  60-inch  by  60-inch  steel  pipe  tee  and  a  short 
section  of  60-inch  steel  pipe  that  connects  to  Del  Yalle 
Branch  Pipeline.  The  opposite  or  northeast  corner  has 
a  similar  tee  connected  to  the  60-inch-diameter  steel 
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pipe  which  extends  to  Lake  Del  Valle  conservation 
outlet  works. 

Two  60-inch  sleeve  couplings  connected  by  a  7-foot- 
long  pipe  spool,  located  just  outside  of  the  plant  foun- 
dation, were  designed  to  accommodate  differential 
settlement  between  the  plant  structure  and  adjacent 
pipes.  Four  60-inch  butterfly  valves  and  sleeve  cou- 
plings are  located  near  each  end  of  both  manifold 
header  pipes.  These  valves,  together  with  one  30-inch 
valve  on  the  bypass,  control  the  direction  of  flow 
through  or  around  the  pumping  units. 

The  manifold  was  constructed  of  ASTM  A283C 
steel  plate  with  welded  joints.  The  entire  manifold 
interior  is  coal-tar-lined.  Earth-covered  exterior  por- 
tions are  coal-tar  epoxy-coated,  and  exterior  portions 
exposed  in  vaults  are  coated  with  inorganic  zinc  sili- 
cate. 

The  60-inch  steel  pipe  in  the  manifold  was  designed 
as  a  buried  pipe,  with  the  maximum  design  head  of  229 
feet  corresponding  to  elevation  773  feet,  maximum 
water  surface  in  Lake  Del  Valle. 

Portions  of  the  manifold  piping  outside  of  the  plant 
are  encased  in  concrete  to  resist  the  hydraulic  thrust 
and  to  provide  continuity  with  the  plant  structure. 

Pipeline.  The  pipeline  extends  from  the  manifold 
to  the  Lake  Del  Valle  conservation  outlet  works.  It 
was  constructed  of  ASTM  A283C  steel  with  double- 
welded  lap  joints  and  coal-tar  lining  and  coating. 

Appurtenances  along  the  pipeline  consist  of  a  two- 
way  Dall  flow  tube,  an  air  valve  and  manhole  struc- 
ture, corrosion  test  stations,  and  cathodic  protection 
devices. 

The  pipe  backfill  ranges  from  a  5-foot  minimum  to 
a  10-foot  maximum. 

Mechanical  Features 

General 

The  mechanical  installation  includes  four  pumps, 
four  check  valves,  eight  pump  suction  and  discharge 
shutoff  valves,  one  flow  tube,  four  manifold  valves, 
one  bypass  valve,  one  equipment-handling  crane,  and 
auxiliary  equipment. 

Equipment  Ratings 
Pumps 

Manufacturer:     Allis-Chalmers     Manufacturing 

Co. 
Type:     Single-stage,  split-case,  centrifugal 
Discharge,  each:  30  cfs 

Total  Head:  60  feet 

Speed:  variable 

Horsepower,  each:  250 

Guaranteed  Efficiency:  84.0% 

Static  Head  (Variable):  0-38  feet 

Check  I  a  Ives 
Manufacturer:     Valve  and  Primer  Corp. 
Size  and  Type:     20-inch  slanting  disc 


Discharge  Valves 
Manufacturer: 
Size  and  Type: 

Suction  Valves 
Manufacturer: 
Size  and  Type: 

Manifold  Valves 
Manufacturer: 
Size  and  Type: 

Bridge  Crane 
Manufacturer: 


BIF 

20-inch  butterfly 

BIF 

24-inch  butterfly 

BIF 

60-inch  butterfly 


Stryco  Manufacturing  Co. 
Type:     Overhead,  traveling,  bridge 
Capacity:     10  tons 

Pumps 

Pumps  are  single-stage,  split-volute  case,  horizontal- 
shaft,  double-suction,  centrifugal  type  connected  to  a 
horizontal-shaft,  direct-current,  variable-speed  motor 
by  a  flexible  coupling  (Figure  323). 

Pumps  are  used  for  reservoir  lift  or  booster  service 
depending  on  direction  of  flow  through  the  manifold. 
Pumps  rotate  in  a  clockwise  direction  when  viewed 
from  the  driver  end  and  are  started  against  a  closed 
discharge  valve. 

The  differential  static  head  at  the  pump  can  vary 
from  0  to  38  feet  depending  on  the  water  surface  eleva- 
tion in  Lake  Del  Valle  and  the  hydraulic  gradeline  of 
Del  Valle  Branch  Pipeline.  Because  of  the  wide  range 
of  head,  a  direct-current  motor  is  used  with  controls 
to  provide  infinite  variation  of  pump  speeds.  With  a 
proper  combination  of  pumps  and  pump  speed,  the 
desired  pumping  rate  can  be  achieved  with  certain 
limitations.  The  design  of  the  system  assumed  that  the 
minimum  pump  speed  attainable  is  one-half  the  max- 
imum speed.  Any  pumping  rate  below  this  speed 
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Figure   323.     View  of  Pump  Pit 
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range  would  be  achieved  by  throttling  the  pump  dis- 
charge valve.  The  characteristics  of  the  split-case 
pumps  are  a  continuously  rising,  stable  head-capacity 
curve  from  135%  of  rated  discharge  to  shutoff  head. 

Pump  Discharge  Valves 

A  20-inch-diameter,  rubber-seated,  butterfly  valve 
with  an  electric  operator  was  installed  on  the  dis- 
charge side  of  each  pump  (Figure  323).  They  are  used 
for  throttling  to  obtain  the  proper  flow  when  the  flow 
rate  cannot  be  accomplished  by  varying  the  pump 
speed  (i.e.,  at  low  head  conditions).  These  valves  also 
are  used  as  shutoffs  to  isolate  each  pump  from  its 
discharge  line.  The  valves  are  closed  during  pump 
start-up  and  are  opened  when  the  control  system 
pump  set  speed  corresponds  with  the  actual  pump 
speed. 

Check  Valves 

A  20-inch,  slanting-disc,  check  valve  was  installed 
on  the  discharge  side  of  each  pump  (between  the 
pump  and  the  discharge  valve,  Figure  323).  The  pur- 
pose of  the  check  valves  is  to  prevent  or  minimize  the 
amount  of  reverse  flow  through  the  pump  which 
could  occur  after  a  power  failure.  A  large  reverse  flow 
could  result  in  overtopping  of  the  surge  tank  located 
on  Del  Valle  Branch  Pipeline.  The  check  valves  are 
equipped  with  a  bottom-mounted  snubber  which  pre- 
vents the  disc  from  slamming. 

Suction  Valves 

A  24-inch-diameter,  manually  operated,  rubber- 
seated,  butterfly  valve  was  installed  on  the  suction 
side  of  each  of  the  four  pumps.  The  purpose  of  these 
valves  is  to  isolate  the  pumps  from  the  manifold. 

Manifold  Valves 

Four  60-inch-diameter,  rubber-seated,  butterfly 
valves  with  electric  operators  are  installed  in  the  plant 
manifold  and  are  used  for  changing  the  direction  of 
flow  and  for  bypassing  the  pumps  for  gravity  flow. 

A  30-inch-diameter,  rubber-seated,  butterfly  valve 
with  an  electric  operator  is  installed  in  a  30-inch 
bypass  line  that  bypasses  one  60-inch  manifold  valve 
and  is  used  to  control  the  rate  of  flow  by  throttling 
during  gravity  flow  to  or  from  Del  Valle  reservoir. 

Equipment  Handling — Crane 

The  crane  is  an  electric,  overhead,  traveling,  bridge 
type  powered  by  208-volt,  3-phase,  60-hertz  motors 
with  floor-operated  pendant  controls.  It  is  used  for 
assembly  and  maintenance  of  plant  equipment. 


Capacity 

Span 

Hoist  hook  lift 
Speed  (two)._ 


10  tons 

27  feet — l/i  inch 

30  feet — -2  inches 

3.3  or  10  feet  per  minute 


Electrical  Features 

General 

The  electrical  installation  includes  motors,  switch- 
gear,  station  service,  protective  relaying,  and  auxiliary 
systems  for  protection  of  equipment  and  personnel. 
Since  the  plant  is  not  of  sufficient  size  to  require  ex- 
tensive electrical  systems,  the  descriptions  of  electrical 
features  for  the  larger  plants  in  Chapter  I  of  this  vol- 
ume are  not  directly  applicable  to  this  plant. 

Description  of  Equipment  and  Systems 

One  3-phase  transformer,  with  its  fuse  and  light- 
ning protection,  was  installed  to  reduce  the  utility 
company  voltage  from  12  kV  to  480/277  volts  (Figure 
324).  Power  is  distributed  at  480  volts  through  a  cabi- 
net lineup  which  contains  all  controls  and  protection 
for  the  plant  except  the  graphic  control  panel. 

Four  motors  are  direct-current,  variable-speed,  with 
silicon-controlled  rectifier  units  and  static  exciters. 
Fuses  protect  the  motor  and  the  motor  field  with  a 
circuit  breaker  installed  in  the  circuit  to  the  motor, 
field,  and  silicon-controlled  rectifier  unit.  The  plant  is 
operated  by  local  control. 

Equipment  Ratings 
Motors 

Manufacturer:     General  Electric  Company 

Type:     Horizontal,      direct-current,      variable- 
speed,  armature-controlled 

Horsepower:     250  at  720  rpm 

Speed  range:     360  to  720  rpm 

Motor  field:     250  volts,  direct-current 
Power  Transformer 

Manufacturer:     General  Electric  Company 

Volts:     12.000-480Y/277 

Taps:     In  the  high-voltage  winding,  2%  and  5% 
above  and  below  rated  voltage 

Phase:     3 

Capacity:     1,000  kVA 

Type:     OA 

Connections:     Delta-Wye 
Station  Service 

Volts:     480-240/120 

Phase:     1 

Capacity:     50  kVA 

Reliability  of  Service 

Lake  Del  Valle  is  an  integral  part  of  the  water  sys- 
tem connected  to  this  plant.  Maximum  reliability, 
therefore,  is  not  required  for  the  plant's  electrical 
equipment  and  systems  because  of  the  back-up  pro- 
vided by  the  Lake.  A  single  3-phase  transformer  was 
selected  as  well  as  single  circuits  and  equipment  for  all 
station  service.  All  equipment  is  standard  with  re- 
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placement  parts  readily  available.  The  12-kV  trans- 
former can  be  transported,  repaired,  and  returned 
within  a  few  days  in  event  of  failure.  The  required 
reliability  did  not  justify  more  elaborate  equipment. 

System  Control 

Since  the  head  variation  exceeds  the  operational 
ability  of  a  single-speed  pump,  a  variable-speed  drive 
direct-current  motor  was  selected.  Because  the  motor 
cannot  operate  at  all  necessary  speeds,  the  valves  are 
throttled  under  certain  head  conditions.  The  control 
system  operating  zones  show  the  system  complexity. 
Variables  in  the  system  are  number  of  pumping  units, 
motor  speed  range,  and  percent  throttling  of  dis- 
charge valves.  Maximum  efficiency  and  minimum 
pump  cavitation  were  the  objectives  in  establishing 
the  operating  zones. 

The  control  system  is  operated  by  first  establishing 
the  plant's  pumping  requirements.  After  the  operator 
determines  reservoir  level  and  head  on  the  plant,  the 
number  of  units  is  established  and  their  speeds  set.  In 
the  event  the  reservoir  level  is  low,  throttling  of  the 
discharge  valves  is  required  and  percent  closure  is 
determined  and  set. 

Computer  operation  of  the  system  was  originally 
planned  but  subsequently  deferred.  Due  to  the  many 
variables  involved,  it  was  decided  to  operate  the  equip- 
ment manually  until  experience  was  gained  on  the 
system. 

The  operator  controls  the  pump  units  and  valves 
from  a  graphic  display  and  control  panel  (Figure 
325).  The  discharge  valve  position  also  may  be  adjust- 
ed to  suit  the  reservoir  level  and  pumping  needs. 
Other  valves  throughout  the  water  conveyance  system 
also  may  be  operated  from  the  panel. 

Motor  Control  Equipment 

The  power  conversion  units  utilize  silicon-con- 
trolled rectifiers  and  diodes  which  provide  adjustable 
direct-current  voltage  to  the  motor  armatures.  Cur- 
rent-limiting fuses,  surge  protection,  and  static  sup- 
pression circuits  protect  the  motor  and  operating 
equipment  (Figure  326). 

A  solid-state  field  excitation  system  with  silicon- 
type  rectifiers  also  is  provided.  Fuse  protection  is  in- 
stalled in  the  alternating-current  power  supply  to  the 
system. 

Power  Factor  Correction 

Capacitors  were  initially  installed  to  maintain  the 
power  factor  of  each  motor  circuit  within  90%.  After 
the  equipment  had  been  placed  in  operation,  internal 
wiring  of  the  controls  overheated  and  burned,  and  the 
capacitors  failed.  Investigation  revealed  that  a  reso- 
nant circuit  had  developed  with  one  of  the  harmonics 
of  the  60-Hz  power  supply.  The  capacitors  were  found 
unnecessary,  and  the  equipment  has  since  operated 
satisfactorily  without  their  replacement. 


Figure  326.     Power  and  Motor  Control  Equip 
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TABLE 

6.     Major  Contracts — Del  Valle  Pumping  Plant 

Low  bid 
Specification          amount 

Final 
contract  cost 

Total  cost — 
change  orders 

Starting 
date 

Comple- 
tion date 

Prime  contractor 

Pumps 

67-15 
67-38 
67-46 

879,052 

765,154 
162,974 

283,843 
845,307 
275,557 

2833 

53,669 
97,735 

3/27/67 
•')  2d  <- 
12/27/67 

12/12/69 
11/24/69 
12/15/69 

Allis-Chalmers  Mfg.  Co. 

Motors  and  controls 

L.C.L.  Controls 

Construction 

Contract  Administration 

Del  Valle  Pumping  Plant  was  constructed  under 
the  provisions  of  Specification  No.  67-38.  The  work 
included  construction  of  the  plant  structure,  mani- 
folds and  intake  pipeline,  and  switchyard;  and  the  in- 
stallation and  testing  of  pumps,  motors,  electrical 
equipment,  and  controls  furnished  by  the  Department 
of  Water  Resources.  General  information  for  the  ma- 
jor contracts  is  shown  in  Table  6. 

Clearing  and  Grubbing 

Clearing  and  grubbing  of  the  plant  site  was  a  rela- 
tively minor  operation  consisting  of  removal  of  oak 
and  walnut  trees  and  disposal  of  grass  and  brush. 

Site  Excavation 

A  Gradall  was  used  for  the  greater  portion  of  foun- 
dation excavation  for  the  substructure  of  the  plant 
(Figure  327).  Material  too  dense  for  the  Gradall  to 
remove  was  excavated  with  a  Hopto  excavator.  All 
material  removed  was  hauled  by  two  22-cubic-yard 
dump  trucks  to  a  spoil  area  off  the  job  site.  At  eleva- 
tion 581  feet  (approximately  1  foot  above  the  excava- 


tion lower  limit),  a  2-foot-deep  gravel  deposit  was  en- 
countered along  the  northeast  corner  of  the  excava- 
tion. This  deposit  was  removed  within  the  limits  of 
the  foundation  and  replaced  with  backfill  concrete  to 
elevation  580  feet. 

A  Traxcavator  was  used  for  the  parking  lot  and 
roadway  excavation.  The  excavated  material  was  tem- 
porarily stockpiled  and  later  hauled  to  a  waste  area 
near  Livermore. 

Trenches  for  the  grounding  grid  at  elevation  580 
feet  were  excavated  6  inches  into  the  foundation  with 
a  small  backhoe  and  backfilled  with  compacted  clayey 
material  locally  obtained. 

Pneumatic  mortar  was  applied  to  the  exposed  plant 
foundation  base  surface  to  elevation  580  feet  (Figure 
328). 

Foundation  Slab  Concrete 

The  building  foundation  slab  was  constructed  in 
two  concrete  placements  of  approximately  equal  yard- 
age. A  vertical  construction  joint  was  placed  in  the 
center  of  the  slab.  Electrical  conduit  and  substructure 
plumbing  embedments  were  made  and  tested  in  con- 
junction with  placement  of  the  two  bottom  mats  of 
reinforcing  steel  (Figure  329). 


My  Applied 


Figure  327.     Completed  Foundation  Excavation 
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Concrete  for  the  foundation  slab  was  hauled  to  the 
site  in  transit  mix  trucks  and  placed  by  the  crane- 
bucket  method.  Concrete  was  cured  by  continuous 
wetting  of  burlap  blankets  placed  over  the  concrete. 

Foundation  Wall  Concrete 

Formwork  for  the  13-foot-high  foundation  walls 
was  a  patented  type  that  eliminated  vertical  studding 
and  utilized  precut,  wedge-type,  tie  rods  to  ensure 
uniform  wall  thickness.  Four  placements  were  re- 
quired. Because  of  the  great  amounts  of  plumbing  and 
electrical  embedments  in  the  east  wall,  some  difficulty 
was  experienced  in  placing  the  concrete  until  "pencil" 
vibrators  and  '/-inch  maximum  aggregate  were  used. 
Considerable  time  and  effort  were  spent  bv  the  con- 
tractor in  finishing  the  inside  wall  face.  The  surfaces 
were  ground,  and  any  rock  pockets  occurring  under 
the  embedments  were  repaired  with  epoxy  concrete. 

Valve  Pit  and  Manifold  Concrete 

The  contractor  elected  to  support  the  manifold  on 
concrete  piers  placed  along  its  length  at  approximate- 
ly 5-foot  intervals.  Prior  to  encasement  of  the  mani- 
fold, the  contractor  filled  it  with  water  to  prevent 
flotation. 

Installing  60-Inch  Pipeline 

The  60-inch  pipeline,  running  from  the  Lake  De' 
Valle  conservation  outlet  works  to  the  plant,  was 
placed  in  an  excavated  trench.  Since  this  piping  was 
supplied  in  40-foot  lengths,  it  was  not  necessary  to 
delay  the  placement  of  backfill  material  between  the 
bell  and  spigot  joints  until  the  joints  were  welded. 
Backfill  material  was  placed  initially  to  the  springline. 
Welding  of  the  bell  and  spigot  joints  was  tested  with 
an  80-pound-per-square-inch  air  pressure.  Interior 
welds  then  were  coated  with  coal-tar  epoxy  and  out- 
side welds  were  sandblasted,  primed,  and  wrapped 
with  coal-tar  tape. 

Backfill  was  consolidated  by  jetting  with  water  and 
vibrating  with  3'/2-inch  internal  vibrators  to  a  relative 
density  of  70%.  Consolidated  backfill  material  was 
then  placed  to  ground  level  to  a  relative  compaction  of 
95%. 

Installing  Pumps,  Valves,  and  Motors 

All  four  60-inch  valves  were  installed  within  a  peri- 
od of  one  week.  Concrete  encasement  of  both  the 
north-  and  south-end  manifolds  was  completed  after 
placement  of  the  60-inch  valves  and  manifolding  was 
completed  (Figure  330).  Installation  of  pumps  and 
motors  took  3'/2  months  (Figure  331). 

Other  Construction 

Other  construction,  including  the  pumping  plant 
superstructure  and  crane,  the  electrical  installations, 
and  the  access  roads,  was  routine. 


Figure   329.     Foundation  Slab  Reinforcing  Steel, 

Plumbing  Embedments,  and  Sump  Pit 


Figure  331.     Delivery  of  Pumps 
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The  following  engineering  drawings  may  be  found  in  consecutive  order  im- 
mediately after  this  reference  (Figures  332  through  346). 
Figure 
Number 

332  Floor  plan — Elevation  596.0 

333  Floor  plan — Elevation  583.0 

334  Elevations 

335  Sections 

336  General  Plan  and  Profile 

337  Manifold  and  Pipeline 
3  38  Manifold 

339  Overhead  Traveling  Crane 

340  Heating  and  Ventilating 

341  Domestic  Plumbing 

342  Single-Line  Diagram 

343  Station  Service  Schematic 

344  Electrical  Cabinets 

345  Graphic  Display 

346  Control  System  Operating  Zones 
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Figure   332.      Floor  Plan — Elevation  596.0 
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Figure  333.     Floor  Plan — Elevation  583.0 
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Figure   334.     Elevations 
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Figure  335.     Section 
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Figure   336.     General  Plan  and  Profile 
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Figure   337.      Manifold  and  Pipeline 
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Figure  338.     Manifold 
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Figure   339.      Overhead  Traveling  Crane 
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Figure   340.      Heating  and  Ventilating 
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Figure  341.      Domestic  Plumbing 
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Figure   342.      Single-Line  Diagram 
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Figure  343.     Station  Service  Schematic 
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Figure  344.      Electrical  Cabinets 
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Figure  345.     Graphic  Display 
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Figure   346.      Control  System  Operating  Zone 
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Figure  347.     Location  Map — North  Bay  Interim  Pumping  Plant 
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CHAPTER  VII.     NORTH  BAY  INTERIM  PUMPING  PLANT 


General 


Location 


North  Bay  Interim  Pumping  Plant  is  located  in  So- 
lano County  approximately  15  miles  northeast  of  Val- 
lejo  and  1.1  miles  northwest  of  Cordelia  Junction  on 
Interstate  Highway  80.  The  plant  is  adjacent  to  Solano 
Project  Terminal  Reservoir,  a  U.S.  Bureau  of  Recla- 
mation project.  Access  to  the  plant  is  via  Green  Valley 
Road  and  the  Bureau  of  Reclamation's  Putah  South 
Canal  operating  road  (Figures  347  and  348). 

Purpose 

The  purpose  of  the  Pumping  Plant  is  to  lift  water 


supplied  from  Solano  Project  Terminal  Reservoir  and 
deliver  it  to  Napa  Turnout  Reservoir.  The  delivery  to 
Napa  Turnout  Reservoir  is  made  through  the  interim 
discharge  pipe  and  Napa  Pipeline  (Figure  347).  The 
staged  construction  of  the  North  Bay  Aqueduct  is 
discussed  in  Volume  II  of  this  bulletin. 

This  pumping  plant  and  discharge  pipe  will  be 
removed  from  service  and  replaced  by  permanent 
facilities  (about  1980).  The  temporary  supply  of  wa- 
ter from  the  Solano  Project  Terminal  Reservoir  ful- 
fills the  Department  of  Water  Resources'  contract 
with  the  Napa  County  Flood  Control  and  Water  Con- 
servation District.  The  permanent  water  supply  for 
North  Bay  Aqueduct  will  come  directly  from  Lindsey 
Slough  in  the  Sacramento-San  Joaquin  Delta. 


Figure   348.      North  Boy  Interim   Pumping  Plant 
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Description 

This  facility  is  an  unattended  outdoor-type  plant 
with  four  pump  units  of  the  following  capacities:  one 
rated  2,600  gallons  per  minute  (gpm);  one  3,500  gpm; 
and  two  at  4,300  gpm  each,  one  of  which  is  a  spare.  A 
maximum  of  10,400  gpm  (23  cubic  feet  per  second)  is 
lifted  319.5  feet.  The  combined  horsepower  required 
is  1,800.  The  area  around  the  plant  is  paved  and  en- 
closed by  an  8-foot  chain-link  fence.  Within  this  area 
is  the  60-kY  switchyard  and  a  10-  by  24-foot  wooden 
building  for  electrical-mechanical  equipment  (Figure 
349). 

Representative  drawings  are  included  at  the  end  of 
this  chapter. 

Geology 

Site  Geology 

The  plant  foundation  is  alluvium  consisting  mostly 
of  fat  sandy  clay.  Underlying  the  alluvium  is  residual 
soil  and  fractured  volcanic  rocks  of  the  Sonoma  Vol- 
canics  formation.  The  Sonoma  Volcanics,  which  have 
been  folded  and  highly  fractured,  include  basalt  and 
andesite  flows  and  tuff  beds. 

Geologic  Exploration 

Three  rotary  holes  were  drilled  by  a  special  track- 
mounted  rotary  drill.  Two  holes  were  drilled  to  a 
depth  of  14  feet  and  one  to  a  depth  of  26  feet.  All  three 
holes  were  terminated  in  bedrock.  An  auger  hole  was 
drilled  near  the  site  for  the  interim  intake  pipeline. 

Instrumentation 

Because  of  the  small  plant  size,  no  instrumentation 
for  monitoring  structural  performance  was  installed. 

Seismicity 

This  area  is  considered  seismically  inactive. 

Civil  Features 

Site  Development 

Some  of  the  factors  that  were  considered  in  estab- 
lishing the  size  of  the  site  were: 

1.  Minimum  amount  of  imported  backfill  materi- 
als required. 

2.  Minimum   turning  area   needed   for   mainte- 
nance trucks. 

3.  Size  of  concrete  slab  foundation  needed  for 
pumps  and  motors  and  transformers. 

4.  Size  of  switchyard  and  storage  and  mainte- 
nance building. 

Field  inspection  indicated  that  a  clayey  soil  under 
the  plant  was  unsuitable  for  adequate  bearing  and 
drainage.  Soil  samples  were  tested  for  consolidation 
and  swelling.  This  clay  is  highly  plastic,  is  difficult  to 
remold,  and  requires  approximately  4  feet  of  overbur- 
den to  prevent  swelling  when  it  becomes  saturated. 


Since  the  soil  was  unsuitable  for  bearing  and  drainage, 
the  existing  soil  was  excavated  and  replaced  with  3 
feet  of  select  permeable  material  and  an  18-inch-thick 
concrete  slab. 

To  protect  the  plant  foundation  from  seepage,  a 
subsurface  drainage  system  was  installed.  The  subsur- 
face drainage  system  consists  of  select  permeable 
material  (%-inch  to  3/4-inch  crushed  rock)  and  a  6-inch- 
diameter,  perforated,  corrugated-metal  pipe.  A  paved 
drainage  ditch  was  provided  around  the  site  perimeter 
to  control  surface  runoff. 

Plant  Structure 

This  small  plant  consists  of  four  pumps  and  motors 
supported  on  a  20-  by  56-foot  concrete  foundation. 
The  concrete  foundation  for  the  pumps,  motors,  and 
electrical  transformer  was  designed  to  minimize  vi- 
bration. The  18-inch-thick  foundation  slab  also  serves 
as  overburden  load  to  prevent  the  soil  from  swelling 
when  saturated.  The  foundation  is  4  feet  thick  on  the 
discharge  manifold  side,  with  additional  thickness  be- 
ing required  to  balance  the  vertical  thrust  acting  on 
the  steel  thrust  anchors. 

Waterways 

Intake  Facilities.  The  outlet  extension  from  So- 
lano Project  Terminal  Reservoir  was  installed  by  the 
Solano  Irrigation  District.  It  is  a  42-inch-diameter 
concrete  pipe  approximately  200  feet  long  which  ex- 
tends from  the  Solano  Project  Terminal  Reservoir  to 
a  multiple  outlet.  The  intake  structure  to  this  pipe  has 
a  trash  screen  that  is  maintained  by  Solano  Irrigation 
District.  The  multiple  outlet  provides  connections  for 
the  Department  and  other  agencies  to  take  water  from 
the  Reservoir.  The  connection  for  the  interim  facility 
is  a  10-foot  extension  of  30-inch-diameter  steel  pipe. 
Ninety  feet  of  30-inch  steel  pipe  leads  from  this  con- 
nection to  the  plant's  intake  manifold. 


Figure   349 
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Located  near  the  beginning  of  the  intake  pipeline, 
a  vent  structure  protects  the  intake  pipeline  and  the 
reservoir  outlet  extension  from  damage  which  could 
result  from  the  high  pressures  caused  by  concurrent 
failure  of  the  pumps  and  check  valve. 

Manifold  Section.  The  plant  intake  manifold  pro- 
portions flow  from  the  intake  to  the  pumps  to  main- 
tain a  uniform  velocity  to  each  pump.  The  discharge 
manifold  conveys  the  flow  to  the  interim  discharge 
line  after  it  has  passed  through  the  pumps.  The  dis- 
charge manifold  design  pressure  is  225  pounds  per 
square  inch  (psi),  which  includes  the  total  dynamic 
head  plus  a  50%  water-hammer  allowance. 

Steel  pipes  of  standard  sizes  were  used  for  the  suc- 
tion and  discharge  manifolds.  Sleeve-type  couplings 
were  provided  for  installation  and  to  allow  for  differ- 
ential settlement. 

Pump  Discharge  Pipe.  The  pumping  plant  dis- 
charge pipeline  extends  from  the  plant  discharge 
manifold  to  the  Cordelia  Surge  Tank.  This  24-inch, 
buried,  steel  pipe  is  2,474  feet  long.  The  unlined  pipe 
has  welded  joints  and  is  coated  with  coal-tar  enamel. 
The  entire  pipeline  was  structurally  designed  to  with- 
stand the  soil  load  and  an  AASHO  Class  H20-S16  live 
load. 

Mechanical  Features 

General 

The  mechanical  installation  includes  four  pumps, 
four  pump  discharge  valves,  one  flowmeter,  and  auxil- 
iary equipment. 

Chapter  I  of  this  volume  contains  information  on 
the  mechanical  equipment  for  other  plants  of  the  State 
Water  Project;  however,  most  of  this  information  gen- 
erally does  not  apply  to  this  plant.  This  is  a  relatively 
small  plant  intended  to  provide  an  interim  water  sup- 
ply until  permanent  facilities  are  constructed.  Unique 


characteristics  of  the  plant  are  included  in  the  follow- 
ing description: 


iquipment  Ratings 

Pumps 

Manufacturer:     Worthington 

Pump  Co. 

Type:     Horizontal-shaft,  split-case,  single-stage,  centrifugal 

Pumps  Nos.  1  and  2 

Horsepower,  each: 

500 

Discharge,  each: 

4,300  gpm 

Total  Head: 

353  feet 

Speed: 

1,775  rpm 

Pump  No.  3 

Horsepower: 

450 

Discharge: 

3,500  gpm 

Total  Head: 

353  feet 

Speed: 

1,775  rpm 

Pump  No.  4 

Horsepower: 

350 

Discharge: 

2,600  gpm 

Total  Head: 

353  feet 

Speed: 

1,775  rpm 

Pump  Discharge  I  alves 

Manufacturer: 

Darling  Valve 

Manufacturing  Co. 

Type: 

Spherical,  single-seat 

Size: 

10-inch  and  12-inch 

Design  Pressure: 

520  feet 

Operating  Time: 

10-50  seconds 

Hydraulic  Operating 

System  Pressure: 

1,000  psi 

Pump  Inlet  I  'alves 

Manufacturer: 

Darling  Valve 

Manufacturing  Co. 

Type: 

Gate 

Size: 

14-inch 

Design  Pressure: 

1 50  psi 

Operation: 

Handwheel 

Figure  350.     Pump  D 


Pumps 

The  pumps  are  horizontal,  single-stage,  double-vo- 
lute, centrifugal  type,  directly  connected  to  horizon- 
tal-shaft induction  motors  (Figure  350). 

One  4,300-gpm  pump  is  a  standby  for  any  one  of  the 
other  units.  For  the  two  smaller  size  units,  the  flow  is 
matched  by  discharge  valve  throttling.  Total  delivery 
is  10,400  gpm  which  is  a  combination  of  Units  Nos.  3, 
4  and  either  1  or  2. 

A  fly  wheel  mounted  between  each  pump  and  mo- 
tor is  used  to  control  hydraulic  transients  caused  by 
emergency  power  outages.  The  fly  wheels  provide 
part  of  the  WR2  (lb-ft2)  required  to  keep  the  surges 
from  exceeding  the  design  limits. 

Pump  Discharge  Valves 

Each  pump  is  provided  with  a  discharge  shutoff 
valve  for  unit  starting,  stopping,  and  isolation  for  in- 
spection and  maintenance.  The  valves  are  fixed  single- 
seated  spherical  type  with  hydraulic  cylinder  opera- 
tors. They  were  designed  to  sustain  the  maximum 
transient  pressures  without  exceeding  allowable  de- 
sign stresses. 

The  valve  operating  system  consists  of  1,000-psi, 
nitrogen-charged,    piston-type    accumulators;    sump; 
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Figure  351.     Discharge  Valve  Hydraulic  Control  Console 


pumps;  valves;  piping;  and  controls  as  required  (Fig- 
ure 351). 

Flowmeter 

A  24-inch  Dall  flow  tube  meter  is  installed  in  the 
intake  pipe  complete  with  a  flow  transmitter,  flow 
indicator,  recorder,  and  totalizer  (Figure  3 52). 

Electrical  Features 

General 

The  electrical  installation  includes  controls,  motors, 
switchgear,  station  service,  and  protective  relaying. 
Since  this  plant  is  much  smaller  in  capacity  than  most 
of  the  other  plants  in  the  Project,  electrical  systems  are 
significantly  different  than  those  described  in  Chapter 
I  of  this  volume. 

Description  of  Equipment  and  Systems 

The  four  motors  are  operated  from  a  2,300-volt  bus, 
being  controlled  and  protected  by  starters  and  cur- 
rent-limiting fuses.  Capacitors  are  installed  with  each 
motor  to  improve  power  factor. 

Four  single-phase  transformers,  one  a  spare,  receive 
the  60-kY  power  supply  for  reduction  to  2,300  volts. 
They  are  connected  on  both  the  high  and  low  side  to 
external  bus  for  convenience  of  connections  (Figure 
353).  Lightning  arresters  and  fuses  protect  the  trans- 
formers from  abnormal  transmission  line  conditions. 

Surge  protection  is  provided  on  the  2,300-volt  bus 
by  lightning  arresters  and  capacitors.  Revenue  meter- 
ing and  single-phase  station  service  connections  are 
also  made  to  this  bus. 

Protective  relays,  instruments,  operating  meters, 
and  local  controls  are  provided.  This  equipment  is 
located  inside  the  control  building  in  the  metal-clad 
switchgear  with  the  motor  controllers. 


Equipment  Ratings 
Motors 

Manufacturer:     Louis  Allis  Company 
Type:     Horizontal-shaft,    squirrel-cage,     induc- 
tion, weather-protected  tvpe  II 
Phase:     3 

Frequency:     60  Hz 
Volts:     2,300 

Motors  Xos.  1  and  2 
Horsepower,  each:     500 
Speed:     1,780  rpm 

Power  factor:     95.5%  with  50-kYA  capacitor 
Motor  No.  3 

Horsepower:     450 
Speed:     1,775  rpm 

Power  factor:     95.5%  with  75-kYA  capacitor 
Motor  No.  4 

Horsepower:     350 
Speed:     1,775  rpm 

Power  factor:     96.0%  with  75-kYA  capacitor 
Power  Transformers 
Volts:     60,000-1,386 
Taps:     In  the  high-voltage  winding,  2'/2  and  5% 

above  and  below  rated  voltage 
Phase:     1 
kYA:     500 
Type:     OA 
Station  Service 

Volts:     2,400-240/120 
Phase:     1 
kVA:     25 
Type:     Dry 


Figure  352.     Pump  Flow  Ind 


ding  Cons, 
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Figure  353.     60-kV  Transformer  Yard 


Figure  354.     2,300-Volt  Motor  Control  Equipment 


Interim  Facility 

The  Pumping  Plant  will  be  replaced  in  about  1980 
as  explained  at  the  beginning  of  this  chapter.  Electri- 
cal equipment  and  systems  were  selected  for  a  perma- 
nent, rather  than  a  temporary,  plant.  Reliability  of 
operation  and  safety  considerations  to  both  equip- 
ment and  personnel  precluded  designs  with  less  than 
a  permanent-type  installation.  Although  the  motors 
and  power  transformers  are  located  outdoors,  a  build- 
ing was  provided  for  all  other  electrical  equipment 
(Figure  354).  This  provides  protection  for  the  equip- 
ment and  better  maintenance  conditions. 

Motors  and  Controllers 

Selection  of  induction  motors  and  starters  with  cur- 
rent-limiting fuses  was  made  primarily  because  of 
costs.  Costs  for  synchronous  motors,  controls,  and 
protection  were  greater  than  for  the  selected  equip- 
ment, and  savings  more  than  offset  the  somewhat 
higher  power  costs.  Since  the  plant  was  designed  for 
unattended  operation,  minimum  maintenance  was 
one  of  the  factors  considered  in  the  selection  of  induc- 
tion motors. 

Power  Transformers 

Four  single-phase  transformers  were  selected.  Eco- 
nomics and  reliability  were  important  considerations 


used  in  making  this  choice.  Other  possibilities  were 
either  one  or  two  3-phase  transformers.  The  loss  of  the 
plant  for  the  time  necessary  to  repair  a  failure  to  a 
3-phase  unit  would  be  excessive.  The  selected  arrange- 
ment allows  the  spare  single-phase  transformer  to  be 
connected,  both  high  and  low  sides,  to  replace  any 
other  transformer  without  moving  the  spare. 

Station  Service  System 

A  single  system  of  240/120  volts,  single-phase,  was 
selected  for  the  station  service  system.  No  back-up 
equipment  or  circuits  were  supplied.  The  small  size  of 
the  plant  allowed  savings  in  cost  with  this  minimum 
system.  All  equipment  is  of  standard  manufacture  and 
in  industry  stock,  readily  available  in  major  cities 
nearby. 

Construction 

Contract  Administration 

Construction  of  the  Pumping  Plant,  appurtenances, 
and  discharge  line  and  installation  of  the  pumps,  mo- 
tors, and  related  equipment  were  included  in  the  con- 
tract designated  Specification  No.  67-25.  The  pumps 
and  motors  were  furnished  by  a  separate  contract  in 
accordance  with  Specification  No.  67-09.  General  in- 
formation for  these  contracts  is  shown  in  Table  7. 


TABLE  7.     Major  Contracts — North  Bay  Interim  Pumping  Plant 


Specification 

Low  bid 

amount 

Final 
contract  cost 

Total  cost — 
change  orders 

Starting 
date 

Comple- 
tion date 

Prime  contractor 

67-09 
67-25 

378,146 
224,437 

370,701 
276,212 

324,444 

3/10/67 
8/31/67 

1/30/69 

1/  7/69 

Worthington  Corp. 

Plant,  discharge  lines,  and 
installation 

Cabildo  Corp. 
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Excavation  and  Fill 

Excavation  from  a  designated  borrow  area  was  re- 
quired for  fill  material  for  the  plant  site  and  for  the 
access  road  between  the  Solano  Project  Terminal  Res- 
ervoir and  the  plant  site  (Figure  355).  The  contractor 
used  two  small  15-cubic-yard  scrapers  to  excavate  and 
haul  the  material  to  the  fills.  Compaction  of  the  in- 
place  material  was  by  a  grid-type  roller. 

The  trench  for  the  24-inch,  steel,  discharge  line  was 
excavated  by  a  backhoe  with  a  J/,-cubic-yard-capacitv 
bucket  (Figure  356).  No  rock  was  encountered,  and 
excavation  was  completed  with  little  difficulty. 

Structure  excavation  was  performed  with  a  small 
backhoe  and  finished  bv  hand. 

Backfill 

Backfill  for  the  discharge  line  consisted  of  compact- 
ed and  consolidated  material.  Consolidated  backfill 
was  placed  to  '/,  foot  above  the  pipe,  and  the  remainder 
of  the  trench  was  filled  with  loose  material  to  the 
original  ground  line.  At  road  crossings  and  other  areas 
subject  to  potential  traffic,  the  entire  trench  was  filled 
with  compacted  backfill. 

Compacted  backfill  was  placed  using  a  hand-oper- 
ated vibrator)'  roller.  Consolidated  material  was  jetted 
into  place  and  vibrated  with  a  concrete  vibrator. 

Concrete  Placement 

Concrete  was  delivered  to  the  site  in  transit  mix 
trucks,  placed,  and  consolidated.  There  were  no 
unusual  problems  (Figure  357). 

Discharge  Line 

The  24-inch,  steel,  discharge  line  was  manufactured 
bv  the  American  Pipe  and  Construction  Company. 
The  pipe  was  placed  in  the  trench  with  a  large  boom 
tractor.  Joints  were  welded  and  the  protective  coating 
of  coal-tar  tape  and  primer  for  the  joints  was  applied 
in  the  trench. 

Other  Construction 

Paving  of  the  access  road,  installation  of  fence,  and 
construction  of  the  electrical-mechanical  control 
building  were  routine. 

The  pumps  and  motors  were  installed  by  the  con- 
tractor under  Specification  No.  67-25.  No  unusual 
methods  were  required  to  install  the  equipment. 

Controls,  transformers,  and  other  electrical  equip- 
ment were  prefabricated  by  various  suppliers  and  in- 
stallation was  routine. 


Figure  357.     Forms  and  Reinforcing  Steel — Pump  Foundation 
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The  following  engineering  drawings  may  be  found  in  consecutive  order  im- 
mediately after  this  reference  (Figure  358  through  366). 
Figure 
Number 

358  General  Plan  and  Profile 

359  Site  Plan 

360  Foundation 

361  Manifold 

362  Equipment  Building 

363  Plant — General  Arrangement 

364  Hydraulic  System  and  Flowmetering 

365  Single-Line  Diagram 

366  Switchyard 
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Figure  359.     Site  Plan 
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Figure  360.     Foundatio 
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Figure  361.     Manifold 
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Figure   362.      Equipment  Building 
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Figure  363.      Plant — General  Arrangement 
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Figure  364.     Hydraulic  System  and  Flowmetering 
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Figure  365.     Single-Line  Diagram 
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Figure  366.     Switchyard 
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Figure  367.     Location  Map — San  Luis  Pumping-Generating  Plant 
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CHAPTER  VIII.     SAN  LUIS  PUMPING-GENERATING  PLANT 


General 

Introduction 

This  chapter  contains  only  a  brief  description  of  the 
San  Luis  Pumping-Generating  Plant.  It  was  designed 
and  constructed  by  the  U.S.  Bureau  of  Reclamation, 
and  detailed  information  is  available  in  its  technical 
records  of  design  and  construction  (see  Bibliogra- 
phy). 

The  San  Luis  Joint-Use  Facilities  are  the  integrated 
facilities  serving  the  U.S.  Bureau  of  Reclamation  Cen- 
tral Valley  Project  and  the  State  Water  Project.  They 
extend  from  O'Neill  Forebay  to  Kettleman  City, 
about  106  miles.  In  this  reach  of  the  California  Aque- 
duct (the  San  Luis  Unit  of  the  Central  Valley 
Project),  the  Bureau  of  Reclamation  has  contracted 
for  delivery  of  water  to  a  service  area  of  approximately 
500,000  acres  on  the  west  side  of  the  San  Joaquin  Val- 
ley, known  as  the  San  Luis  Unit  of  the  Central  Valley 
Project   (Figures  367  and  368).  San  Luis  Unit  was 


federally  authorized  by  Act  of  Congress,  PL  86-488, 
which  became  law  on  June  3,  1960  (74  Stat.  156). 

The  canal  route  for  conveying  water  for  the  State 
Water  Project  to  state  service  areas  in  the  San  Joaquin 
Valley  and  Southern  California  is  through  the  federal 
San  Luis  service  area.  Both  state  and  federal  projects 
required  development  of  the  San  Luis  Dam  site,  west 
of  Los  Banos,  for  storage  of  surplus  flows  pumped 
from  the  Sacramento-San  Joaquin  Delta.  Accordingly, 
the  most  logical  and  economical  development  for  Cali- 
fornia and  the  United  States  was  to  integrate  the  stor- 
age, pumping,  and  conveyance  facilities  for  co- 
ordinated operation  into  common  facilities.  The 
agreement  of  December  30,  1961,  between  the  State 
and  the  United  States,  achieved  those  results. 

The  agreement  provided  that  the  Bureau  of  Recla- 
mation would  design  and  construct  the  San  Luis  Joint- 
Use  Facilities  and  cost  sharing  would  be  55%  State 
and  45%  United  States.  The  State  assumed  responsi- 
bility for  operation  and  maintenance  according  to  pro- 


Figure  368 
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portionate  use  of  facilities.  Lands  and  rights  of  way  for 
San  Luis  and  O'Neill  Forebay  dams  and  reservoirs 
were  obtained  by  the  State.  Titles  to  property  secured 
by  the  State  were  later  transferred  to  the  United 
States. 

The  federal  authorization  act  did  not  contain  con- 
struction funds.  State  funds  from  the  Water  Resources 
Development  Bond  Act  were  advanced  in  1961  to  the 
Bureau  of  Reclamation  so  that  design  could  be  expe- 
dited. The  first  federal  appropriation  came  later. 

The  official  San  Luis  Unit  ground-breaking 
ceremonies  were  on  August  18,  1962.  The  event  was 
highlighted  by  the  presence  of  President  John  F. 
Kennedy. 

Location 

San  Luis  Pumping-Generating  Plant  is  located 
about  12  miles  west  of  Los  Banos  adjacent  to  State 
Highway  1 52  and  near  the  terminus  of  the  North  San 
Joaquin  Division  of  the  California  Aqueduct.  It  is 
about  70  miles  south  of  the  Delta  Pumping  Plant. 

The  plant  is  situated  at  the  base  of  the  left  abutment 
of  San  Luis  Dam  (Figure  368) .  The  intake  to  the  plant 
forms  an  arm  of  O'Neill  Forebay. 

Purpose 

San  Luis  Pumping-Generating  Plant  pumps  from 
O'Neill  Forebay  into  San  Luis  Reservoir  which  stores 
water  surplus  to  the  needs  of  the  Sacramento-San  Joa- 
quin Delta  and  in  excess  of  requirements  of  service 
areas  farther  south.  Water  is  released  through  the 
plant,  in  the  generating  mode,  when  service  area  de- 
mands are  in  excess  of  direct  Delta  diversions. 

Water  flows  from  the  Delta  to  O'Neill  Forebay  at 
maximum  rates  of  10,000  and  4,200  cubic  feet  per  sec- 
ond (cfs)  from  the  State's  California  Aqueduct  and 
the  U.  S.  Bureau  of  Reclamation's  Delta-Mendota  Ca- 
nal, respectively.  O'Neill  Forebay,  San  Luis  Pumping- 
Generating  Plant,  Dos  Amigos  Pumping  Plant,  San 
Luis  Dam  and  Reservoir,  and  103  miles  of  San  Luis 
Canal  to  the  south  comprise  the  main  features  of  the 
San  Luis  Joint-Use  Facilities  with  each  agency's  water 
being  first  comingled  at  O'Neill  Forebay.  Storage  in 
San  Luis  Reservoir  provides  peak  demand  capabilities 
for  both  systems. 

Description 

San  Luis  Pumping-Generating  Plant  is  an  indoor- 
type  plant  (Figure  368).  Its  overall  dimensions  are  483 
feet  by  97  feet.  Insofar  as  possible,  pumping  is  off-peak 
and  water  releases  are  made  during  peak  power  de- 
mand periods.  There  are  eight  pumping-generating 
units.  Because  of  the  extreme  head  variations,  from  99 
to  327  feet,  the  pump-turbines  operate  at  two  speeds, 
120  and  150  rpm.  When  operated  in  the  pumping 
mode,  the  eight  units  have  a  combined  capacity  of 
11,000  cfs  with  a  dynamic  head  of  290  feet.  When 
releasing  water  at  13,120  cfs,  the  plant  is  operated  for 
power  generation  with  a  capacity  of  424,000  kilowatts. 
The  switchyard  is  located  southeast  of  the  plant. 


There  are  four  17'/2-foot-diameter  inlet-outlet  tun- 
nels, each  serving  two  plant  units.  The  tunnels  are 
steel-lined  for  part  of  their  2,150-foot  lengths.  Butter- 
fly valves  are  located  in  the  plant  adjacent  to  the  an- 
chor block  encasing  the  steel  bifurcation.  Each  tunnel 
has  its  own  trashrack  structure.  The  four  trashrack 
structures  rise  as  independent  units  about  310  feet 
above  the  foundation  rock. 

Representative  drawings  are  included  at  the  end  of 
this  chapter. 

Architectural  Design 

The  plant  substructure  is  reinforced  concrete.  The 
superstructure  is  steel  framing  with  brick  enclosure 
walls.  The  lower  part  of  the  walls  is  reinforced  brick 
masonry  with  exterior  red  and  interior  buff-colored 
brick.  The  upper  walls  are  covered  with  insulated 
metal  wall  panels.  This  general  scheme  is  used  at  the 
other  plants  designed  by  the  Bureau  of  Reclamation 
for  the  San  Luis  Unit.  The  roof  deck  is  steel  with 
built-up  roofing. 

A  glass-enclosed  observation  deck  for  visitors  is 
located  at  the  south  end  of  the  plant  and  25  feet  above 
the  motor-generator  floor.  The  visitors  area  includes 
an  exhibit  space. 

Geology 

The  rock  types  in  the  general  area  of  the  plant  site 
are  conglomerates  and  interbedded  shale  and  sand- 
stone. Foundation  for  the  main  plant  structure  is  in 
unweathered  conglomerates  near  elevation  168  feet. 

The  inlet-outlet  tunnels  in  this  area  penetrated  both 
rock  types.  Geologic  faulting  intersecting  the  tunnel 
alignments  influenced  the  method  and  sequence  of 
tunnel  construction.  The  Gonzaga  fault,  a  zone  about 
20  feet  thick,  was  the  principal  foundation  defect. 

Civil  Features 

The  plant  is  built  in  monolithic  structural  bays  ac- 
commodating eight  motor-generator  units  and  the 
service  and  control  bay  at  the  south  end.  The  bays  are 
separated  by  transverse  expansion  joints  spaced  at  93 
feet.  Longitudinal  expansion  joints  separate  the  but- 
terfly valve  and  control  rooms  from  the  rest  of  the 
plant  structure. 

The  four  inlet-outlet  tunnels  were  driven  from  up- 
stream and  downstream  headings  simultaneously.  Ap- 
proximately 1,000  feet  of  the  upstream  end  of  each 
tunnel  is  lined  with  concrete,  2'/2  feet  thick.  The  lining 
in  sections  with  low  cover  at  the  Gonzaga  fault  near 
the  west  portal  is  3'/2  feet  thick.  The  tunnels  are  steel- 
lined  for  1,175  feet  near  the  downstream  portals  be- 
cause of  the  shallow  tunnel  cover  and  the  greater  in- 
ternal water  pressures. 

Separate  trashrack  towers  rise  284  feet  from  a  mas- 
sive concrete  footing  excavated  more  than  60  feet  into 
unweathered  rock.  The  rock  is  sandstone  interbedded 
with  thin  shale.  About  2,300,000  cubic  yards  were  ex- 
cavated in  preparation  of  the  tower  foundations.  Bulk- 
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head  gates  for  dewatering  of  the  tunnels  are  located  in 
the  towers.  A  six-span  vehicular  bridge  provides  ac- 
cess to  the  towers  from  the  dam  crest. 


Mechanical  Features 

The  mechanical  installation  at  the  San  Luis  plant 
includes  eight  pump-turbines;  eight  156-inch-turbine 
shutoff,  butterfly  valves;  one  350-ton,  electric,  over- 
head crane;  and  station  service  auxiliary  equipment. 
No  provisions  have  been  made  for  load  regulation. 


Pump-Turbine  Rating 

Manufacturer:     Hitachi  Limited 

Type:     Vertical,  Francis,  with  fixed  stay  vanes 

Turbine  Mode  Pump  Mode 

Horsepower:                               35,000  — 

Head:                                           197  feet  290  feet 

Speed:                                      120  rpm  150  rpm 

Discharge:                                         —  1,375  cfs 


Electrical  Features 

The  electrical  equipment  and  systems  for  the  San 
Luis  plant  include  high-voltage  switchyard,  trans- 
formers, motor-generators,  switchgear,  auxiliary 
plant  equipment,  and  protective  devices.  The  motor- 
generators  have  two  speeds  for  each  mode  of  opera- 
tion. They  were  manufactured  by  General  Electric 
Company  and  have  the  following  characteristics: 


Generator  Rating 

53,000  kVA  at  150  rpm 
34,000  kVA  at  120  rpm 
13.8  kV,  3  phase,  100% power  factor. 

Motor  Rating 
13.2  kV,  3  phase 
63,000  hp  at  150  rpm 
95%  power  factor 
34,000  hp  at  120  rpm 
100%  power  factor 

Construction 

Construction  of  San  Luis  Pumping-Generating 
Plant  was  included  in  the  construction  contract  for 
San  Luis  Dam  and  O'Neill  Forebay  Dam.  The  con- 
tract was  awarded  to  the  joint  venture  of  Morrison- 
Knudsen  Company,  Inc.,  Utah  Construction  and  Min- 
ing, and  Brown  and  Root,  Inc.,  for  $85,926,608  on 
January  8,  1963. 

The  work  commenced  with  excavation  for  the 
trashrack  towers  on  February  18,  1963  and  was  fol- 
lowed in  a  few  days  by  foundation  preparation  for  the 
plant.  All  contract  work  was  completed  on  August  4, 
1967. 

A  total  of  2,138,000  cubic  yards  of  material,  mostly 
conglomerate,  was  excavated  from  the  San  Luis 
Pumping-Generating  Plant  and  switchyard  sites. 
Blasting  was  necessary  below  20  feet  of  depth.  Excava- 
tion was  completed  in  December  1963.  The  first  con- 
crete was  placed  in  the  plant  foundation  on  December 
12,  1963. 


The  following  engineering  drawings  may  be  found  in  consecutive  order  im- 
mediately after  this  reference  (Figures  369  through  372.) 
Figure 


Number 
369 

370 
371 

372 


General  Plan  and  Sections 
Spillway  and  Outlet  Works 
Longitudinal  Sections 
Transverse  Section 
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Figure   369.     General  Plan  and  Sections 
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Figure  370.     Spillwoy  and  Outlet  Works 
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Figure  371.     Longitudinal  Section 
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Figure  372.     Transverse  Section 
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CHAPTER  IX.     DOS  AMIGOS  PUMPING  PLANT 


General 

Introduction 

This  chapter  contains  only  a  brief  description  of 
Dos  Amigos  Pumping  Plant.  It  was  designed  and  con- 
structed by  the  U.  S.  Bureau  of  Reclamation  as  a  part 
of  the  San  Luis  Joint-Use  Facilities.  A  general  discus- 
sion of  the  Joint-Use  Facilities  is  contained  in  Chapter 
VIII  of  this  volume,  and  detailed  information  is  avail- 
able in  the  U.  S.  Bureau  of  Reclamation's  technical 
records  of  design  and  construction  (see  Bibliogra- 
phy). 

Location 

Dos  Amigos  Pumping  Plant  (Figure  373)  is  located 
on  the  California  Aqueduct,  about  10  miles  south  of 
Los  Banos  and  18  miles  southeast  of  San  Luis  Dam  in 
Merced  County.  The  plant  was  originally  called  Mile 
18  Pumping  Plant;  however,  on  October  28,  1965,  the 


name  officially  was  changed  to  Dos  Amigos  Pumping 
Plant. 

Purpose 

Dos  Amigos  Pumping  Plant  lifts  water  113  feet 
from  the  California  Aqueduct  as  it  flows  south  from 
O'Neill  Forebay.  The  plant  provides  service  to  the 
Federal  San  Luis  Unit  of  the  Central  Valley  Project 
and  beyond  to  the  State  Water  Project  in  the  San 
Joaquin  Valley  and  Southern  California. 

Description 

This  plant  has  an  indoor-type  superstructure.  The 
structure  has  an  overall  length  of  388  feet,  width  of  126 
feet,  and  height  of  127  feet  measured  from  its  lowest 
foundation  to  the  roof.  Pumping  facilities  include  an 
intake  transition,  six  discharge  lines,  outlet  transition 
structure,  and  switchyard  (Figure  374). 

The  plant  houses  six  pumps,  each  rated  at  2,200 


Figure   374.     Ae 


Amigos  Pumping  Plant 
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cubic  feet  per  second  (cfs).  Three  of  the  pumps  are 
centrifugal,  and  the  other  three  are  Deriaz  units  that 
can  be  used  to  vary  the  discharges  from  1,200  to  2,200 
cfs.  Total  plant  pumping  capacity  is  13,200  cubic  feet 
per  second. 

The  main  structure  consists  of  three  independent 
plant  monoliths.  The  monoliths  are  separated  by  ex- 
pansion joints,  and  these  joints  are  protected  from 
leakage  by  rubber  waterstops. 

Representative  drawings  are  included  at  the  end  of 
this  chapter. 

Architectural  Design 

The  plant  substructure  is  reinforced  concrete.  The 
superstructure  is  structural  steel  framing  with  brick 
enclosure  walls.  Two  kinds  of  brick  construction  were 
used.  The  main  superstructure  is  reinforced  brick  ma- 
sonry with  exterior  red  and  interior  buff-colored 
brick,  and  the  switchgear  rooms  and  visitors  gallery 
exterior  walls  are  faced  with  red  brick  veneer.  The 
brick  masonry  reinforcement  is  welded  to  steel  col- 
umns resulting  in  an  unbroken  exterior.  There  is  a 
1-inch  expansion  joint  through  the  brick  continuous 
with  the  plant  monoliths.  The  roof  deck  is  steel  with 
built-up  roofing. 

There  is  a  glass-enclosed  viewing  area  for  visitors  at 
the  west  end  of  the  plant,  two  floors  above  the  main 
motor  floor.  The  visitors  area  includes  an  exhibit 
room. 

The  architectural  motif  for  Dos  Amigos  Pumping 
Plant  was  selected  by  the  U.  S.  Bureau  of  Reclamation 
and,  in  many  aspects,  differs  from  that  used  for  plants 
designed  by  the  Department  of  Water  Resources. 

Geology 

Site  Geology 

The  California  Aqueduct,  at  Dos  Amigos  Pumping 
Plant,  is  on  deep  valley  fill  adjacent  to  the  Laguna  Seca 
Hills.  Dos  Amigos  is  located  in  the  northeast  slope  of 
an  alluvial  fan  composed  of  mud  flows  from  erosion 
which  has  caused  many  small  gullies  in  the  hills.  The 
plant  is  about  1,500  feet  from  the  mouth  of  a  ravine  at 
the  apex  of  the  fan.  The  mud  flows,  comprising  the 
fan,  have  resulted  from  brief  but  heavy  rains.  At  the 
plant  site,  these  deposits  are  about  130  feet  thick  and 
they  overlie  a  43-foot-thick  formation  known  as  Cor- 
coran Clay.  The  Corcoran  Clay,  in  turn,  overlies  a 
gravelly  material  known  as  Tulare  formation. 

Ground  Water 

Ground  water  was  of  inferior  quality,  and  its  dis- 
posal during  dewatering  for  the  excavation  was  by 
evaporation  and  percolation  into  ponds. 

Instrumentation 

Prior  to  start  of  construction,  12  rebound  settlement 
points  were  installed  in  the  plant  foundation  to  meas- 
ure rebound  during  excavation  and  settlements  dur- 
ing and  after  plant  construction.  They  were  placed  at 


the  following  intervals:  2  feet  below  final  excavation 
grade,  at  the  top  of  the  Corcoran  Clay,  at  the  top  of  the 
Tulare  formation,  and  at  mid-depth  of  the  Corcoran 
formation. 

Nine  foundation-type  piezometers  were  intalled  in 
a  similar  arrangement  at  the  rebound  settlement 
points.  The  piezometer  tubes  terminate  inside  the 
plant  at  three  display  panels. 

Civil  Features 

Site  Development 

Total  excavation  required  for  the  plant  and  dis- 
charge lines  was  895,000  cubic  yards.  Because  of  the 
expected  foundation  rebound,  a  plug  of  unexcavated 
material  was  left  in  the  plant  inlet  transition  until 
concrete  placements  were  completed  to  the  elevation 
of  the  service  yard.  After  leveling,  the  plant  area  was 
excavated  uniformly  to  avoid  differentials  in  excess  of 
20  feet.  Excavation  to  final  plant  grade  was  adjusted  to 
allow  for  rebound.  The  maximum  compensation  for 
the  effect  of  rebound,  before  concrete  placement,  was 
0.4  foot  of  overexcavation. 

Plant  Structure 

The  gross  dimension  of  the  superstructure  for  each 
pump  unit  is  68  feet  by  47  feet,  width  and  center  to 
center,  respectively.  The  service  bay  located  at  the  east 
end  of  the  plant  is  68  feet  wide  and  73.5  feet  long  and 
has  four  floors.  In  addition,  there  is  a  small  service  bay 
at  the  west  end  with  five  floor  levels,  and  the  plant 
sump  is  71  feet  below  the  main  floor. 

Concrete  placements  were  scheduled  so  as  to  pro- 
vide uniformity  of  loading  in  the  unit  bays  below  the 
grade  of  the  dewatering  gallery  floor.  All  foundation 
placements  were  made  first.  Thereafter,  no  placement 
differential  greater  than  two  lifts,  or  23  feet,  was  al- 
lowed. The  first  concrete  placement  was  made  on  Feb- 
ruary 24,  1964. 

Plant  expansion  joints  contain  double  9-inch  water- 
stops  and  formed  drains.  The  drains  relieve  any  water 
passing  the  first  waterstop. 

Concrete  quantities  were: 


Foundation... '  14,881  cubic  yards 

Substructure 42,431  cubic  yards 

Intermediate 11,240  cubic  yards 

Superstructure 799  cubic  yards 


The  pumping  plant  structure,  which  required 
1,700,000  pounds  of  structural  steel,  was  completed  on 
December  6,  1965.  Field  connections  were  made  with 
bolts.  Framing  of  the  east  end  was  delayed  to  install 
the  200-ton  bridge  crane. 

Pump  Discharge  Lines 

There  are  six  18-foot  discharge  lines.  At  the  plant 
exit,  each  line  is  a  63-foot-long,  '/,-inch-thick,  unen- 
cased,  steel  pipe  12  feet  -  3  inches  in  diameter.  The 


332 


pipe  passes  through  a  vault  and  enlarges  to  18  feet  in 
a  concrete-encased  section  88  feet  long.  The  first  30 
feet  of  the  lines  are  on  a  2:1  slope  and  consist  of  con- 
crete and  steel  lines  and  the  remainder  are  reinforced 
concrete. 

The  discharge  lines  connect  to  the  encased  steel 
pipe  of  the  siphon  breaker  approximately  77  feet  from 
its  crest.  Downstream  of  the  crest  is  a  36-foot-long 
transition  to  an  18-foot-square  conduit.  This  is  fol- 
lowed by  another  transition  to  a  rectangular  opening 
at  the  headwall,  18  feet  wide  by  24.4  feet  high.  The 
discharge  lines  are  backfilled  and  completely  covered 
with  compacted  material.  There  is  a  62-foot  by  22-foot 
siphon  breaker  control  house  with  brick  masonry 
typical  of  the  pumping  plant  structure. 

The  concrete  required  for  construction  of  the  dis- 
charge lines  was  as  follows: 


Pump  Rating 


Outlet  transition 

Monolithic  concrete  pipe. . 
Line  anchors 

Siphon  breaker  encasement 


1,751  cubic  yards 
14,316  cubic  yards 
7,100  cubic  yards 
4,524  cubic  yards 


Mechanical  Features 
The  mechanical  installation  at  Dos  Amigos  Pump- 
ing Plant   includes  six   pumps,  one  200-ton  crane, 
siphon  breaker,  and  station  service  auxiliary  equip- 
ment. There  are  no  pump  discharge  valves. 


Manufacturer: 

Type:  (Pumps  Nos.  1,  3,  and  5) 


(Pumps  Nos.  2,  4,  and  6) 
Discharge:  (Pumps  Nos.  1,  3,  and  5) 
(Pumps  Nos.  2,  4,  and  6) 
Head: 
Speed: 


English  Electric  Corp. 
Vertical,  variable  pitch, 
variable  flow,  Deriaz 
Vertical,  centrifugal 
200-2,200  cfs 
2,200  cfs 
125  feet 
120  rpm 

The  specifications  for  the  Deriaz  units  anticipated 
a  discharge  range  of  200  cfs  to  2,200  cfs.  However,  field 
tests  indicated  vibration  problems  at  the  lower  capaci- 
ties. Reevaluation  of  pumping  requirements  showed 
that  the  lower  capacities  were  not  required,  allowing 
the  pumps  to  operate  in  a  vibration-free  range  be- 
tween 1,200  and  2,200  cfs. 

Electrical  Features 

The  electrical  installation  for  Dos  Amigos  Pumping 
Plant  includes  the  switchyard,  motors,  switchgear, 
auxiliary  equipment,  and  protective  equipment.  Mo- 
tors were  manufactured  by  ASEA  Electric  Company 
and  are  rated  a  40,000  horsepower,  3  phase,  13.2  kV, 
120  rpm,  and  95%  power  factor. 

Construction 

The  contract  for  construction  of  Dos  Amigos 
Pumping  Plant  was  bid  at  $8,972,555  and  awarded  on 
August  30,  1963,  to  the  joint  venture  firm  of  Stolte, 
Inc.,  M.  M.  Sundt  Construction  Company,  and  Santa 
Fe  Engineering.  The  contract  was  accepted  as  com- 
plete on  July  8,  1966.  Installation  of  equipment  was 
performed  under  a  separate  contract. 


The  following  engineering  drawings  may  be  found  in  consecutive  order  im- 
mediately after  this  reference  (Figures  375  through  378). 
Figure 


Number 

375 
376 

377 
378 


Location  Plan 

Longitudinal  Section 

Transverse  Section 

Monolithic  Concrete  Pipe — General  Plan  and  Profile 
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Figure  375.     Location  Plan 
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Figure  376.     Longitudinal  Section 
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Figure  377.     Tronsverse  Section 
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Figure   378.      Monolithic  Concrete  Pipe— Generol  Plan  and  Profile 
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Figure  379.     Location  Mop — Las  Perillos  and  Badger  Hill  Pumping  Plants 
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CHAPTER  X. 


LAS  PERILLAS  AND  BADGER  HILL 
PUMPING  PLANTS 


General 

Location 

Las  Perillas  and  Badger  Hill  Pumping  Plants  are 
located  on  the  Coastal  Branch,  which  diverts  water 
from  the  California  Aqueduct  approximately  12  miles 
south  of  Kettleman  City.  Las  Perillas  Pumping  Plant 
is  approximately  1  mile  from  the  California  Aqueduct, 
and  Badger  Hill  Pumping  Plant  is  approximately  3 
miles  downstream  from  Las  Perillas  (Figures  379  and 
380). 

Purpose 

These  plants  lift  water  from  the  California  Aque- 
duct for  delivery  through  the  first  15  miles  of  the 
Coastal  Branch.  Construction  of  the  remainder  of  the 
Coastal  Branch  has  been  deferred  until  about  1983. 

Description 

The  two  plants  are  similar  in  appearance  and  con- 
struction, the  most  noticeable  difference  being  a  visi- 
tors building  incorporated  into  the  Las  Perillas 
Pumping  Plant  superstructure.  Pump  forebays  are 
concrete-lined  enlargements  of  the  canal,  and  dis- 
charge lines  are  buried  pipes,  steel  at  Las  Perillas  and 
steel  and  concrete  at  Badger  Hill. 


Each  plant  contains  six  pumping  units:  three  hori- 
zontal centrifugal  pumps  with  a  capacity  of  38  cubic 
feet  per  second  (cfs)  each  and  three  vertical  centrifu- 
gal pumps  at  112  cfs  each.  Plant  capacity  is  4S0  cfs  at 
a  head  of  61  feet  at  Las  Perillas  and  163  feet  at  Badger 
Hill  (Figure  381). 

Representative  drawings  are  included  at  the  end  of 
this  chapter. 

Geology 

Areal  Geology 

Kettleman  Hills  anticline  on  the  west  side  of  the 
San  Joaquin  Valley  dominates  the  area.  This  is  a  large 
structure  consisting  of  three  domes  known  as  North, 
Middle,  and  South  Domes.  The  Aqueduct  crosses  the 
anticline  along  the  southern  margin  of  Avenal  Gap,  a 
valley  in  the  structural  low  between  Middle  and  South 
Domes.  Tulare  formation  and  San  Joaquin  formation 
crop  out  along  the  margins  of  Avenal  Gap,  and  Recent 
alluvium  fills  the  valley  floor. 

Site  Geology — Las  Perillas 

Las  Perillas  Pumping  Plant  is  on  the  east  dipping 
limb  of  South  Dome  of  the  Kettleman  Hills  anticline. 
Plant  excavation  was  in  alluvium  and  the  San  Joaquin 


Figure   380.      Las  Perillas  (left)  and   Badger  Hill  (right)  Pumping  Plants 
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Figure  381.      Interior  View — Los  Perillas 

formation.  The  alluvium  consists  of  silty  sand  and 
poorly  graded  sand  with  lenses  of  gravel,  interbedded 
silty  sands,  silts,  and  medium  to  highly  plastic  clays 
with  silt  lenses.  The  San  Joaquin  formation  is  a  silty 
sand,  clay,  siltstone,  and  claystone  that  forms  the  foun- 
dation for  the  Pumping  Plant  and  discharge  lines. 

Bedding  plane  shears  that  reflect  slippage  during 
the  folding  of  the  Kettleman  Hills  anticline  were 
mapped  in  the  excavation.  Block  slippage  occurred 
along  some  of  the  shear  planes  as  a  result  of  construc- 
tion, and  overbreak  occurred  where  excavation  walls 
intersected  shear  zones. 

Ground  water  was  encountered  in  the  alluvial  sand 
and  gravel  and  necessitated  dewatering  by  pumping 
from  sumps  in  the  plant  excavation. 

Site  Geology — Badger  Hill 

Badger  Hill  Pumping  Plant  is  on  the  west  dipping 
limb  of  the  South  Dome  of  the  Kettleman  Hills  anti- 
cline. Plant  excavation  was  in  alluvium  and  the  under- 
lying Tulare  formation.  The  alluvium  consists  of 
poorly  graded  lenticular  sand  and  gravel;  a  bluish- 
gray,  fine-grained,  silty  sand  and  clayey  sand;  and  a 
mixture  of  interbedded  clays  and  clayey  sands.  These 
relatively  flat-lying  alluvial  deposits  rest  unconforma- 
bly  upon  the  Tulare  formation. 

The  plant  foundation  is  the  Tulare  formation,  con- 
sisting of  silty  sand,  poorly  graded  sand,  and  con- 
solidated clays.  One  bedding  plane  shear  was  exposed 
between  a  silty  sand  bed  and  an  overlying  clay  bed  in 
the  southeast  wall  of  the  drainage  sump  excavation. 
Ground  water  control  was  attained  by  a  well  point 
system  and  pumps  within  the  excavation. 

Geologic  Exploration 

Exploration  at  the  Las  Perillas  site  consisted  of  8 
rotary  drill  holes  and  5  bucket  auger  holes.  At  the 
Badger  Hill  site,  12  rotary  drill  holes  and  7  bucket 


auger  holes  were  drilled.  Geologic  mapping  and  in- 
spection took  place  as  the  excavation  progressed. 

Instrumentation 

A  tiltmeter  was  installed  on  the  north  side  of  the 
Aqueduct  near  the  Badger  Hill  Pumping  Plant  site 
shortly  before  excavation  began.  Tilt  was  recorded  as 
excavation  for  the  plant  progressed,  but  no  tectonic  or 
regional  tilting  likely  to  affect  the  operation  of  the 
facility  was  discerned. 

Seismicity 

No  faults  are  known  beneath  or  near  the  two  plants. 
The  sites,  however,  are  located  in  a  moderate  to  high 
seismic  area.  The  active  San  Andreas  fault  is  about  22 
miles  southwest  of  Las  Perillas  and  20  miles  southwest 
of  Badger  Hill. 

Civil  Features 

Preliminary  Studies 

Preliminary  studies  were  made  to  determine:  (1)  if 
one  or  two  plants  would  be  required,  (2)  the  location 
of  the  plant  or  plants,  and  (3)  the  configuration  and 
size  of  the  plants. 

The  studies  showed  that  there  was  little  cost  differ- 
ence between  the  one-  and  two-lift  schemes.  However, 
the  single-lift  scheme  involved  deep  canal  excavations 
for  long  distances  and  a  large,  deep,  plant  bowl  excava- 
tion. In  consideration  of  potential  slides  and  ground 
water  problems,  the  single-lift  scheme  was  abandoned 
in  favor  of  the  two-lift  scheme. 

The  plant  sites  were  selected  on  the  basis  of  founda- 
tion conditions  and  economics  of  canal  excavation  and 
pipeline  construction. 

Site  Development 

The  major  features  of  site  development  for  the 
plants  included  the  plant  bowl,  access  roads,  and 
drainage  control. 

The  plant  bowl  excavations  were  sized  to  contain 
the  plant,  a  small  switchyard,  a  drainage  ditch,  and 
ample  room  to  move  heavy  maintenance  equipment 
around  the  plant.  At  Badger  Hill,  it  was  necessary  to 
construct  a  dike  to  divert  floodwaters  from  the  north 
side  of  the  bowl  excavation. 

Separate  roads  provide  access  to  the  Pumping 
Plants  from  nearby  county  roads.  The  Las  Perillas 
access  road  is  approximately  '/2  of  a  mile  long  while  the 
Badger  Hill  road  is  %  of  a  mile  long. 

Plant  Structures 

The  two  plant  structures  are  almost  identical,  ex- 
cept the  Las  Perillas  plant  is  16  feet  -  8  inches  longer 
than  the  Badger  Hill  plant.  The  extra  length  provides 
space  for  a  water  treatment  system  whereas  none  was 
required  at  Badger  Hill.  A  visitors  building  is  also 
incorporated  into  the  Las  Perillas  plant. 

The  reinforced-concrete  substructures  provide  two 
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floors:  the  motor  floor  at  ground  level  and  the  pump 
floor  17  feet  lower.  The  38-cfs  pumping  units  are 
located  on  the  lower  floor,  while  the  motors  for  the 
112-cfs  units  are  on  the  upper  floor  directly  above  the 
pumps. 

Suction  tubes  with  90-degree  bends  were  formed  in 
the  concrete  for  the  112-cfs  pumps,  whereas  steel  in- 
take bells  were  cast  into  the  front  wall  for  the  38-cfs 
units. 

The  substructures  were  constructed  in  three  struc- 
turally independent  monoliths  with  shear  keys  at 
abutting  faces  to  prevent  differential  vertical  move- 
ment. Vertical  buttressed  walls  near  the  heel  of  the 
plant  key  the  structure  to  the  foundation  and  provide 
stability  against  sliding. 

The  superstructures  are  similar  to  those  of  other 
plants  of  the  State  Water  Project:  lightweight,  metal, 
sandwich  panels  and  welded  steel  T-decking  mounted 
on  rigid  steel  frames  as  discussed  in  Chapter  I  of  this 
volume.  An  overhead  bridge  crane,  supported  by  the 
superstructure  columns,  is  provided  at  each  plant:  a 
20-ton  crane  at  Las  Perillas  and  a  25-ton  crane  at 
Badger  Hill. 

At  Las  Perillas,  the  visitors  building  is  constructed 
of  cast-in-place  reinforced  concrete  and  is  adjacent  to 
the  service  bay  end  of  the  plant.  It  contains  a  stairway 
and  a  balcony  that  opens  onto  a  mezzanine  over  the 
plant  control  room  and  office. 

Design  live  loads  used  for  some  areas  of  the  plant 
were: 


Motor  floor 

Pump  floor 

Intake  deck 

Mezzanine 

Stairways 

Roof 

Crane  access  platforms 

Wind 

Earthquake 


500  psf  or  AASHO  H-20 

400  psf 

300  psf  or  4,000  lbs.  concentrated 

125  psf 

100  psf 

20  psf 
250  psf 

25  psf 
0.5g 


Both  plants  are  founded  on  interbedded  sand  and 
clay-type  soils.  Under  normal  operating  conditions, 
the  maximum  bearing  pressures  are  approximately 
2,600  pounds  per  square  foot  (psf),  disregarding 
uplift.  Under  assumed  earthquake  loading,  the  pres- 
sure would  increase  to  about  4,000  psf. 

Waterways 

Intake  Facilities.  Intake  facilities  at  each  of  these 
plants  include  a  channel  transition,  trashracks,  stop- 
logs,  bulkhead  gates,  formed  concrete  suction  tubes 
for  the  112-cfs  pumps,  and  steel  bell  intakes  for  the 
38-cfs  units. 

Channel  transitions  are  fully  concrete-lined,  76 
feet  -  3  inches  long  with  the  bottom  width  varying 
from  8  feet  at  the  beginning  of  the  transitions  to  96 
feet  at  the  plants.  An  underdrain  system  was  installed 
under  each  transition  to  provide  a  means  of  reducing 


uplift  pressures  on  the  lining.  Drains  are  piped  into  a 
special  drainage  sump  located  in  the  plant  structure. 
Sump  pumps  are  operated,  only  as  necessary,  to  main- 
tain the  ground  water  level  below  that  of  the  forebay. 

Trashracks  were  installed  at  the  face  of  the  plant 
structure.  They  are  fabricated  in  panels  of  vertical 
steel  bars,  spaced  to  provide  3-inch  clear  openings. 
When  in  place,  they  are  in  a  sloping  position  with  one 
intermediate  support.  They  are  designed  to  withstand 
a  differential  head  equal  to  two-thirds  of  the  sub- 
merged depth  of  the  rack  when  the  canal  water  surface 
elevation  is  at  a  maximum.  No  mechanical  raking 
equipment  has  been  installed;  however,  a  severe  tum- 
bleweed  problem  exists  and  raking  equipment  is  being 
considered. 

Stoplogs  are  provided  to  permit  dewatering  of  one 
unit  at  a  time  at  each  plant.  They  were  constructed  in 
panels  with  a  structural  steel  frame,  steel  skinplate, 
and  rubber  waterseals.  The  panels  are  interchangea- 
ble; three  panels  are  required  to  dewater  a  112-cfs 
pump  and  two  for  a  38-cfs  pump.  Stoplog  slots  were 
formed  in  the  concrete  piers  just  behind  (down- 
stream) the  trashracks. 

Steel  slide  gates  were  installed  at  the  entrance  of  the 
suction  tubes  for  the  1 12-cfs  units.  They  can  be  oper- 
ated manually  or  by  a  portable  electric  operator  pro- 
vided for  each  plant. 

A  butterfly  valve  was  installed  between  the  intake 
bell  and  pump  at  each  38-cfs  unit  to  permit  dewatering 
the  pump  without  resorting  to  the  use  of  stoplogs. 

Pump  Discharge  Lines.  Six  pumps  at  each  plant 
lift  water  through  two  parallel,  buried,  pump  dis- 
charge lines  into  the  next  reach  of  the  Coastal  Branch 
of  the  California  Aqueduct.  At  both  plants,  flows  from 
Pumps  Nos.  1,  2,  3,  and  4  are  combined  by  a  manifold 
into  the  right  discharge  line,  a  78-inch-diameter  bur- 
ied pipe.  Similarly,  a  manifold  at  each  plant  combines 
flows  from  Pumps  Nos.  5  and  6  into  the  78-inch-diam- 
eter left  discharge  line.  The  length  of  the  discharge 
system  from  pumping  plant  to  the  gated  canal  outlet 
is  258  feet  at  Las  Perillas  and  3,430  feet  at  Badger  Hill. 

Each  pump  discharge  line  is  designed  to  deliver  225 
cfs,  with  a  maximum  dynamic  head  of  61  feet  at  Las 
Perillas  and  163  feet  at  Badger  Hill.  However,  the 
maximum  design  head,  including  abnormal  surge 
pressure  due  to  power  failure  when  the  plant  is  oper- 
ating at  full  capacity,  is  73  feet  at  Las  Perillas  and  222 
feet  at  Badger  Hill. 

Component  features  of  these  discharge  lines  were 
designed  using  criteria  developed  for  pumping  plants 
and  discharge  lines  as  described  in  Chapter  I  of  this 
volume. 

There  are  three  distinct  component  features  of  the 
pump  discharge  lines  at  Badger  Hill  and  Las  Perillas 
Pumping  Plants:  (1)  the  articulation,  (2)  the  mani- 
fold, and  (3)  the  discharge  lines. 

Articulation.  Each  pump  discharge  line  has  two 
sleeve  couplings  placed  adjacent  to  a  length  of  casing 
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Figure  382.     Articulations — Las  Perillas 
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Figure  383.     Manifolds— Las  Perillas 


pipe.  This  allows  for  settlement  of  the  backfill  around 
the  discharge  lines  and  for  differential  settlement  be- 
tween the  manifold  header  and  the  pumping  plant 
(Figure  382). 

Manifold  Sections.  The  Las  Perillas  manifold  ex- 
tends 115  feet  from  pumping  plant  to  discharge  line. 
The  Badger  Hill  manifold  extends  198  feet  from 
pumping  plant  to  Badger  Hill  Pipeline.  Both  mani- 
folds are  similar.  The  left  manifold  consists  of  two 
48-inch-diameter  steel  pipes  and  an  eccentric  taper 
joining  the  48-inch-diameter  pipes  to  a  78-inch-diame- 
ter  pipe.  The  right  manifold  consists  of  three  30-inch- 
and  one  48-inch-diameter  steel  pipes  connected  by  a 
header  pipe  and  an  eccentric  taper  to  a  78-inch-diame- 
ter  pipe  (Figure  383).  A  12'/,-foot  horizontal  spacing 
of  the  78-inch-diameter  Las  Perillas  discharge  lines 
facilitated  single-trench  construction,  whereas  spac- 
ing of  Badger  Hill  manifold  outlet  pipes  was  increased 
to  36  feet  to  facilitate  two-stage  construction  of  the 
connecting  Badger  Hill  Pipeline.  The  change  in  diam- 
eter of  the  manifold  header  allows  for  a  gradual 
change  in  velocity  and  minimizes  head  losses.  The 
angle  of  intersecting  pipes  is  60  degrees. 

Concrete  anchors  and  thrust  blocks  were  installed 
at  bends  and  tapers. 

Las  Perillas  Discharge  Lines.  Las  Perillas  dis- 
charge lines  consist  of  two  parallel,  78-inch-inside-di- 
ameter,  buried,  steel  pipelines  143  feet  long  extending 
from  the  manifolds  to  the  upper  canal  headworks. 
Stiffener  rings  were  not  required  to  withstand  exter- 
nal pressures. 

Flowmeters  were  installed  in  each  discharge  line  for 
monitoring  flows  diverted  to  the  Coastal  Branch  of 
the  California  Aqueduct.  The  following  section  on 
mechanical  features  contains  the  details  of  this  instal- 
lation. 

Badger  Hill  Pipelines.  Badger  Hill  pipelines  ex- 
tend 3,232  feet  from  the  manifolds  to  the  upper  canal 
headworks.  The  right  pipeline  is  a  78-inch-diameter, 


buried,  steel  pipe  that  was  installed  with  the  mani- 
folds. The  left  pipeline  is  a  78-inch-diameter,  rein- 
forced-concrete,  cylinder  pipe  (not  prestressed)  that 
was  installed  under  a  second  contract. 

Mechanical  Features 

General 

Mechanical  installation  includes  six  pumps  and  dis- 
charge valves,  one  equipment-handling  crane,  and 
auxiliary  equipment  in  each  plant. 

Chapter  I  of  this  volume  contains  information  on 
the  mechanical  equipment  in  these  plants  which  is 
common  to  other  plants.  Information  and  descriptions 
unique  to  these  plants  are  included  in  the  following 
sections. 

Equipment  Ratings 

Pumps 

Las  Perillas  Pumping  Plant 

Manufacturer:         Pumps  Nos.  1,  2,  and  3 — 

Baldwin-Lima-Hamilton  Corp. 

Pump  No.  -4 — Byron-Jackson 

Pumps  Nos.  5  and  6 — 
Allis-Chalmers  Mfg.  Co. 
Type:  Pumps  Nos.  1,  2,  and  3 — 

Horiz.ontal-shaft,  single- 
stage,  split-case,  centrifugal 

Pump  No.  4 — Vertical,  turbine 

Pumps  Nos.  5  and  6 — 
Vertical,  centrifugal 

Pumps  Nos.  1,  2,  and  3 

Discharge,  each:  38  cfs 

Total  Head:  61  feet 

Speed:  720  rpm 

Guaranteed  Efficiency:      87.0% 

Pump  No.  4 

Discharge:  112  cfs 

Total  Head:  59  feet 

Speed:  600  rpm 

Pumps  Nos.  5  and  6 

Discharge,  each:  112  cfs 

Total  Head:  60  feet 

Speed:  450  rpm 

Guaranteed  Efficiency:      86.0% 
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Badger  Hill  Pumping  Plant 

Manufacturer:         Pumps  Nos.  1,  2,  and  3 — 

Baldwin-Lima-Hamilton  Corp. 
Pumps  Nos.  4,  5,  and  6 — 
Byron-Jackson 
Type:  Pumps  Nos.  1,  2,  and  3 — 

Horizontal-shaft,  single- 
stage,  split-case, 
centrifugal 
Pumps  Nos.  4,  5,  and  6 — 

Vertical,  turbine 
Pumps  Nos.  1,  2,  and  3 
Discharge,  each:  38  cfs 

Total  Head:  163  feet 

Speed:  900  rpm 

Guaranteed  Efficiency:      87.0% 
Pump  No.  4 

Discharge:  112  cfs 

Total  Head:  162  feet 

Speed:  600  rpm 

Guaranteed  Efficiency:      88.5% 
Pumps  Nos.  5  and  6 

Discharge,  each:  112  cfs 

Total  Head:  162  feet 

Speed:  514  rpm 

Guaranteed  Efficiency:      88.5% 
Note:     Pumping  Units  Nos.  4,  5,  and  6,  presently  installed  at  both 
Las  Perillas  and  Badger  Hill  Pumping  Plants,  were  funded  sepa- 
rately and  installed  by  a  local  water  district  to  utilize  excess  water 
that  is  available  during  the  water  demand  buildup. 

Pump  Discharge  I  alves 

Manufacturer:         Units  Nos.  1,  2,  3,  and  4 — 
Darling  Valve  and 
Manufacturing  Co. 
Units  Nos.  5  and  6 — 
Willamette  Iron 
and  Steel  Co. 
Type  and  Size:       Units  Nos.  1,  2,  and  3 — 

20-inch,  rubber-seated,  spherical 
Unit  No.  4 — 

36-inch,  rubber-seated,  spherical 
Units  Nos.  5  and  6 — 
36-inch,  fixed-metal  seat, 
spherical 
Intake  Gates  and  J  alves 

Manufacturer:         Units  Nos.  1,  2,  and  3 — 

BIE  Division  of  New  York 
Air  Brake  Co. 
Units  Nos.  4,  5,  and  6 — 
Jeffrey  Manufacturing  Co. 
Type  and  Size:       Units  Nos.  1,  2,  and  3 — 
30-inch,  rubber-seated, 
butterfly 
Units  Nos.  4,  5,  and  6 — 
78-inch  by  78-inch, 
slide  gate 
Equipment  Handling — Cranes 

Manufacturer:         Crane  Veyor  Corp. 
Type:  Double-girder,  top-riding, 

three  motor  electric  for 
Class  A  service 

Pumps 

The  three  38-cfs  pumps  in  each  plant  are  horizontal- 
shaft,  single-stage,  centrifugal,  double-suction  volute 
with  horizontal  intake  and  discharge,  and  split-case 
with  the  case  separation  in  the  horizontal  plane  of  the 
shaft  centerline.  Intake  and  discharge  diameters  are  24 
inches  and  20  inches,  respectively  (Figure  384). 


These  pumps  are  driven  through  Falk,  gear-type, 
flexible  couplings  by  synchronous  motors  rotating  in 
a  counterclockwise  direction  as  viewed  from  the  mo- 
tor end.  Pumps  and  motors  are  mounted  on  an  inte- 
gral, fabricated,  steel  base.  The  base  is  anchored  by 
foundation  bolts  embedded  in  a  reinforced-concrete 
pedestal  on  the  pump  floor.  Impeller,  shaft,  bearings, 
and  both  casing  and  impeller  wear  rings  are  accessible 
when  the  top  portion  of  the  casing  is  removed.  Casing, 
of  gray  iron,  is  bolted  together  in  the  horizontal  cen- 
terline and  doweled  to  ensure  alignment. 

The  impellers  are  a  cast  bronze-enclosed  type.  They 
are  dynamically  balanced,  keyed  to  the  shafts,  and 
locked  into  position  between  the  shaft  sleeves. 

Shafts  are  alloy  steel,  machine-ground,  and  pol- 
ished. Bronze  cast  sleeves  protect  the  shafts  where 
exposed  to  water.  They  are  mounted  in  ball  bearings, 
with  thrust  taken  in  the  outboard  bearings  and  end 
float  permitted  in  the  bearings  at  the  coupling  end  of 
the  shafts. 

Seal  rings  are  of  cast  bronze.  The  outer  rings  of 
bronze  are  in  two  halves  with  shoulders  on  the  lower 
halves  which  bear  against  the  casing  covers  to  prevent 
rotation.  The  impeller  rings,  also  of  bronze,  are  one- 
piece  and  bear  on  shoulders  turned  on  the  ring  land 
of  the  impellers. 

Unit  No.  4  at  Las  Perillas  Pumping  Plant  and  Units 
Nos.  4,  5,  and  6  at  Badger  Hill  Pumping  Plant  are 
one-stage,  vertical,  circulator  pumps.  (Plants  were  ini- 
tially designed  for  installation  of  vertical  centrifugal 
pumps  as  Units  Nos.  4,  5,  and  6.)  Each  pump  consists 
of  the  bowl  assembly,  driver-to-pump  coupling  assem- 
bly, suction  plate,  discharge  elbow,  motor  barrel. 
Dresser  coupling,  and  shaft  seal  assembly. 


Figure  384.     Horizontal  Pump  Installation — Las  Perillas 
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Units  Nos.  5  and  6  at  Las  Perillas  Pumping  Plant 
are  vertical  centrifugal  pumps  that  have  a  fabricated 
plate  steel  bearing  bracket,  suction  nozzle  and  suction 
spool,  cast-iron  back  cover,  nodular-iron  pump  casing, 
11 Y2  to  13%  chrome  steel  hardened  impeller  and  cas- 
ing rings,  babbitt-lined  sleeve-type  bearing,  and  mis- 
cellaneous piping  and  instrumentation  (Figure  385). 

Pump  Discharge  Valves 

Spherical  valves  were  installed  on  the  discharge  side 
of  all  units  at  both  plants  to  prevent  backflow  through 
the  pumps.  They  also  serve  as  shutoffs  to  isolate  the 
pumps  from  the  discharge  line  for  servicing  and  main- 
tenance. 

Double,  rubber-seated,  20-inch-diameter,  spherical 
valves  were  installed  on  all  38-cfs  units.  A  single,  fix- 
ed-metal seat,  36-inch-diameter,  spherical  valve  was 
installed  on  Units  Nos.  5  and  6  while  Unit  No.  4  has 
a  double,  rubber-seated,  36-inch-diameter,  spherical 
valve. 

Each  valve  is  actuated  by  an  operator  composed  of 
a  double-acting  hydraulic  cylinder  linked  through  a 
crosshead  and  connecting  links  to  a  lever  mounted  on 
the  valve  shaft.  The  operator  is  powered  by  a  1,000- 
pound-per-square-inch  hydraulic  power  unit  and  will 
operate  on  a  minimum  pressure  of  750  pounds  per 
square  inch.  Units  Nos.  1,  2,  3,  and  4  are  connected  to 
one  hydraulic  system,  and  Units  Nos.  5  and  6  are 
connected  to  another. 

Each  hydraulic  system  consists  of  a  hydraulic  pow- 
er unit,  an  accumulator  bottle  rack,  pressure  switches, 
and  gauges  mounted  on  a  panel  attached  to  the  ac- 
cumulator rack. 

The  hydraulic  power  unit  (Figure  386)  consists  of 
a  100-gallon  oil  reservoir,  two  electrically  driven  hy- 
draulic pumps  with  associated  relief  valves  and  filters, 
and  a  hand  pump,  all  mounted  on  the  reservoir.  Also 
installed  in  the  power  unit  reservoir  is  a  visual  liquid 
level  gauge,  a  thermostatically  controlled  oil  heater,  a 


temperature  gauge,  two  float  switches  for  remote  indi- 
cation of  low  oil  level  and  for  stopping  the  electric 
motor  in  case  of  low  oil  level,  and  a  filler-breather 
unit. 

The  bottle  rack  contains  bladder  accumulators  with 
two  nitrogen  bottles  connected  to  the  gas  end  of  the 
accumulators  for  additional  precharge  volume.  A 
third  nitrogen  bottle  on  the  rack  stores  pressurized 
nitrogen  for  makeup  of  accumulator  precharge  as  re- 
quired. 

Equipment  Handling — Cranes 

Each  plant  has  an  electric,  overhead,  traveling, 
bridge  crane  powered  by  a  208-volt,  3-phase,  60-hertz 
motor  with  floor-operated  pendant  controls.  The 
crane  is  used  for  assembly  and  maintenance  of  plant 
equipment,  including  main  pumps,  pump  drive  mo- 
tors, and  discharge  valves. 

Characteristics  of  the  cranes  are: 

Las  Perillas  Pumping  Plant 


Capacity 

Span 

Hoist  hook  lift. 


20  tons 

30  feet— 2}{  inches 

37  feet — 6  inches 


Badger  Hill  Pumping  Plant 


Capacity 25  tons 

Span 30  feet — 2K  inches 

Hoist  hook  lift 37  feet — 6  inches 


The  hoists  are  package  units,  each  powered  by  a 
15/5-horsepower  1,800/600-rpm  motor,  with  electric 
brake  and  operate  at  speeds  of  1 1  feet  per  minute 
(fpm)  or  3.6  fpm.  Trolley  speed  is  5-step  variable  up 
to  50  fpm,  and  bridge  speed  is  5-step  variable  up  to  75 
fpm.  Limit  switches  are  provided  for  all  crane  mo- 
tions. 


Figure  385.     Vertical  Centrifugal  Pump  Installation — Las  Perillas 


Figure  386.     Hydraulic  Power  Unit — Las  Perillo 
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Hydraulic  Transients 

Surge  and  reverse  speed  controls  on  each  pump  and 
motor  are  provided  by  single-speed  pump  discharge 
valve  closure. 

The  pumps  on  Units  Nos.  5  and  6  at  Las  Perillas 
Pumping  Plant  have  reverse  runaway  speeds  in  excess 
of  the  allowable  reverse  speeds  of  the  motors.  Hydrau- 
lic transient  studies  on  these  units  indicated  that  the 
reverse  speed  upon  power  failure  could  be  reduced  to 
approximately  100  rpm  if  the  36-inch  spherical  valve 
was  closed  in  10  seconds.  Upsurge  and  downsurge 
conditions  experienced  during  the  10-second  closure 
were  within  safe  operating  limits.  Field  tests  on  these 
units  have  verified  the  analysis. 

The  pump  discharge  valves  all  open  and  close  at  an 
approximately  uniform  rate,  and  the  closing  times  are 
the  same  for  normal  or  emergency  conditions. 

Auxiliary  Service  Systems 

Auxiliary  service  systems  at  the  plant  are  described 
in  Chapter  I  of  this  volume. 

Intake  Gates  and  Valves 

(Units  Nos.  1,  2,  and  3) 

Each  38-cfs  pump  has  a  butterfly  valve  in  the  suc- 
tion line.  They  are  30-inch-diameter,  manually  oper- 
ated, cast  steel,  flanged-end,  rubber-seated,  tight- 
closure,  butterfly  type  conforming  to  AWWA  Stand- 
ard C504,  Class  50-16. 

The  manual  operator  has  a  4:1  gear  ratio  and  a  limit 
switch  to  prevent  starting  the  pump  with  the  butter- 
fly valve  not  fully  open. 

(Units  Nos.  4,  5,  and  6) 

Slide  gates  were  installed  at  the  intake  face  of  Units 
Nos.  4,  5,  and  6.  Each  gate  consists  of  a  gate  body,  wall 
thimble,  flush  bottom  seating  surface,  guide  channels, 
stem,  floorstand,  and  manual  operator.  Each  gate  is  78 
inches  wide  by  78  inches  high  and  operates  at  seating 
heads  from  0  to  20  feet.  A  resilient  seal  is  molded  of 
neoprene  in  a  triangular  cross  section  and  is  retained 
on  the  disc  face  by  stainless-steel  keepers.  A  bronze 
thrust  nut  is  mounted  on  the  thrust  nut  retainer  and 
transmits  the  opening  and  closing  forces. 

A  portable  120-volt  operator  is  provided  for  the 
three  gates  at  each  plant.  It  consists  of  a  portable, 
reversible,  electric  drill  with  an  adaptor  to  fit  operator 
input  shafts  (Figure  387). 

Flow  Tubes  (Las  Perillas  Pumping  Plant) 

Flow  tubes  of  the  modified  Venturi  type  were  in- 
stalled in  two  78-inch  discharge  pipes.  They  are  Dall 
Model  DFTW-6,  manufactured  by  BIF  Division  of  the 
New  York  Air  Brake  Co. 

Instrumentation  consists  of  a  transmitter  located  at 
the  flow  tube  and  a  flow  indicator  and  totalizers  locat- 
ed in  the  plant  control  room. 


387.     Gate  Operator  Stand 


Electrical  Features 


General 

Electrical  installations  at  the  plants  are  sufficiently 
similar  for  common  discussion.  The  difference  in  rat- 
ings of  the  motors  and  transformers  were  not  great 
enough  to  affect  the  system  design.  Electrical  draw- 
ings included  in  this  chapter  are  for  the  Las  Perillas 
Pumping  Plant  and  are  typical  of  both  plants. 

Description  of  Equipment  and  Systems 

A  transformer  bank  reduces  69  kV  to  motor  voltage. 
Four  single-phase  transformers  were  selected,  one  be- 
ing a  spare.  The  low-voltage  winding  neutrals  are 
grounded  through  a  resistor  to  limit  the  ground  fault 
current.  Lightning  arresters  and  fuses  in  the  switch- 
yard protect  the  transformers  (Figure  388). 


Figure   388.     Switchyard — Las  Perill 
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The  motors  are  connected  to  the  low-voltage  side  of 
the  power  transformers  by  magnetic  starters  and  cur- 
rent-limiting fuses.  Motors  are  started  at  full-voltage 
with  the  pump  case  full  of  water. 

The  switchgear  includes  the  motor  controllers,  ex- 
citation equipment,  and  field  application  equipment. 
Protective  relaying,  instruments,  meters,  and  control 
devices  are  also  included.  An  adjacent  cabinet  lineup 
includes  incoming  bus,  revenue  metering  equipment, 
and  station  service  breakers  (Figure  389).  The  station 
service  transformer  is  located  on  the  floor  below  the 
switchgear. 

Plant  pumping  and  auxiliary  equipment  is  con- 
trolled manually  from  local  controls  rather  than  from 
a  control  room  in  the  building.  Remote  controls  are 
normally  used  for  operation  and  monitoring  functions 
and  are  described  in  Volume  V  of  this  bulletin. 

Equipment  Ratings 
Motors 

3-phase,  60  Hz,  100%  power  factor 
Motors  Nos.  1,  2,  and  3 — Las  Perillas 
Pumping  Plant 

Manufacturer:     Westinghouse  Electric 
Corporation 

Type:     Horizontal,  synchronous 

Horsepower:     350 

Volts:     2,300 

Speed:     720  rpm 
Motor  No.  4 — Las  Peril/as  Pumping  Plant 

Manufacturer:     Westinghouse  Electric 
Corporation 

Type:     Vertical,  synchronous 

Horsepower:     1,000 

Volts:     2,300 

Speed:     600  rpm 
Motors  Nos.  Sand  6 — Las  Perillas  Pumping  Plant 

Manufacturer:     General  Electric  Company 

Type:     Vertical,  synchronous 

Horsepower:     1,000 

Volts:     2,300 

Speed:     450 
Motors  Nos.  1,  2,  and  3 — Badger  Hill  Pumping 
Plant 

Manufacturer:     Westinghouse  Electric 
Corporation 

Type:     Horizontal,  synchronous 

Horsepower:     1,000 

Volts:     4,000 

Speed:     900  rpm 
Motor  No.  4 — Badger  Hill  Pumping  Plant 

Manufacturer:     Westinghouse  Electric 
Corporation 

Type:     Vertical,  synchronous 

Horsepower:     2,750 

Volts:     4,000 

Speed:     600  rpm 


Figure  389.     5-kV    Switchgear    Assembly    and    600-Volt    Motor    Control 
Center — Las  Perillas 

Motors  Nos.  S  and  6 — Badger  Hill  Pumping 
Plant 
Manufacturer:     General  Electric  Company 
Type:     Vertical,  synchronous 
Horsepower:     3,000 
Volts:     4,000 
Speed:     514  rpm 
Power  Transformers — Las  Perillas  Pumping 
Plant 
Manufacturer:     Westinghouse  Electric 

Corporation 
Volts:      115/69-1.386  kV 
kVA:     1,250 

Connections:     Delta-Wye 
Type:     OA 
Power  Transformers— Badger  Hill  Pumping 
Plant 
Manufacturer:     Westinghouse  Electric 

Corporation 
Volts:     115/69  2.4  kV 
kVA:     3,333 

Connections:     Delta-Wye 
Type:     OA 
Station  Service — Las  Perillas  Pumping  Plant 
Transformer  manufacturer:     General  Electric 

Company 
Volts:     2,400— 208Y/ 120 
kVA:     225 
Station  Service — Badger  Hill  Pumping  Plant 
Transformer  manufacturer:     General  Electric 

Company 
Volts:     4,160— 208Y/ 120 
kVA:      150 

Plant  Reliability 

No  reservoir  storage  is  available  in  the  distribution 
systems  of  the  service  areas  at  the  present  time;  conse- 
quently, the  plants  must  provide  maximum  dependa- 
bility and  yet  allow  ease  of  maintenance. 
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Figure  390.      Synchronous  Motor  Controllers — Las  Perillas 

Motor  controllers  with  current-limiting  fuses  were 
selected  rather  than  circuit  breakers  primarily  be- 
cause they  were  considered  to  be  more  reliable  and 
more  economical  (Figure  390).  Motor  size  was  within 
suitable  limits  for  either  choice.  The  shorter  depth  of 
the  controller  cabinet  suited  plant  dimensions  to  bet- 
ter advantage. 

Although  the  station  service  system  was  not  de- 
signed with  alternate  equipment  or  circuits,  all  parts 
are  standard  and  readily  replaceable.  Spare  parts  not 
in  stock  may  be  acquired  within  a  few  hours. 

Four  single-phase  transformers  were  installed  with 
cable  drops  from  bus  bars  to  their  bushings.  A  trans- 
former can  be  replaced  by  the  spare  without  moving 
the  spare.  Power  transformers  are  operated  on  69  kV; 
however,  the  high-voltage  side  also  has  windings  and 
bushings  for  1 15-kV  service.  Voltage  available  was  69 
kV  when  the  plant  was  constructed,  but  the  utility 


company  intends  to  change  voltage  to  115  kV  when 
warranted  by  developments  in  its  service  area.  To 
benefit  from  lower  rates,  transformers  were  selected 
with  dual  voltages  on  the  high-voltage  side. 

Selection  of  Motors 

Cost  difference  between  synchronous  motors  and 
induction  motors  with  capacitors  for  power  factor 
correction  was  not  significant.  The  primary  advan- 
tage of  the  synchronous  motors  for  these  plants  was 
their  constant  speed  for  matching  output  of  the  two 
plants.  Since  there  is  essentially  no  freeboard  for  stor- 
age between  the  plants,  this  requirement  became  criti- 
cal. 

Motors  of  the  sizes  (Figure  391)  required  normally 
do  not  have  air  housings.  Fire  danger  was  considered 
too  remote  to  justify  the  cost  of  enclosures  and  C02 
protection.  Motors  are  cooled  by  the  building  air-con- 
ditioning system  rather  than  by  individual  air-to-wa- 
ter heat  exchangers. 

A  static  excitation  system  was  selected  for  each  mo- 
tor. A  separate  excitation  system  was  selected  rather 
than  a  direct-connected  system  primarily  because  it 
was  considered  more  reliable  for  ratings  required. 
Rather  than  using  one  exciter  for  each  motor,  a  com- 
mon excitation  system  was  considered.  This  choice 
would  have  lowered  the  overall  plant  reliability  and 
was  rejected.  Rotating  static  exciters  were  also  consid- 
ered; however,  there  was  not  enough  experience  avail- 
able to  justify  their  use. 

The  motor  voltage  selected  was  2,300  for  Las  Peril- 
las  and  4,000  for  Badger  Hill  since  this  choice  reduced 
costs.  At  Las  Perillas,  there  was  some  cost  advantage 
in  using  2,300  volts;  however,  total  installed  horse- 
power at  Badger  Hill  was  considered  sufficiently  high 
to  warrant  4,000  volts,  thereby  reducing  the  size  of  the 
low-voltage  leads. 


Figure  391.      1,000-Horsepower  Synchronous  Motors — Las  Perillas 
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TABLE  8.     Major  Contracts — Las  Perillas  and  Badger  Hill  Pumping  Plants 


Specification 

Low  bid 
amount 

Final 
contract  cost 

Total  cost — 
change  orders 

Starting 
date 

Comple- 
tion date 

Prime  contractor 

65-53 
66-33 
66-39 

S94,166 

3,466,213 

117,582 

297,989 

3,700,382 

122,874 

?3,856 
116,750 

5/23/66 
9/30/66 
11/28/66 

4/27/68 
6/28/68 
4/27/68 

Las  Perillas  and  Badger 

Hill 

Fred  J.  Early,  Jr.,  Co., 

Inc. 
Westinghouse  Electric 

Corp. 

Construction 

drilled  from  the  first-st 

age  bench  to  depths  of  40  to  50 

Contract  Administration 

The  major  construction  and  supply  contracts  for 
Las  Perillas  and  Badger  Hill  Pumping  Plants  are 
shown  in  Table  8.  The  major  construction  contract 
was  designated  Specification  No.  66-33  and  included 
the  following  principal  features:  Las  Perillas  Pumping 
Plant,  Badger  Hill  Pumping  Plant,  discharge  lines, 
switchyards,  electrical  and  mechanical  work,  and  in- 
stallation of  materials  and  equipment  furnished  by  the 
Department  of  Water  Resources. 

Excavation 

Las  Perillas.  First-stage  excavation  of  the  Las 
Perillas  Pumping  Plant  began  in  April  1966  and  was 
completed  four  months  later.  The  material  excavated 
from  the  pumping  plant  site  was  used  to  construct  a 
protective  levee  and  the  Las  Perillas  access  road.  The 
excess  material  was  placed  in  a  designated  waste  area. 
As  excavation  of  the  first  stage  continued,  the  dewa- 
tering  system  was  modified  several  times,  and  a  stor- 
age reservoir  was  constructed  between  the  Pumping 
Plant  and  the  protective  levee. 

The  excavation  was  performed  with  scrapers  and 
large  dozers.  When  the  first-stage  excavation  was  com- 
pleted to  elevation  317  feet,  five  drainage  wells  were 


feet. 

Badger  Hill.  The  first-stage  excavation  of  the 
Badger  Hill  Pumping  Plant  began  in  May  1966  and 
was  completed  five  months  later.  Excavation  of  the 
site  was  performed  with  scrapers,  large  dozers,  and  a 
backhoe. 

After  the  first  few  feet  of  progress,  excessive  mois- 
ture was  encountered  making  excavation  with  rubber- 
tired  equipment  difficult.  The  access  road  and  the 
Pumping  Plant  were  excavated  simultaneously.  The 
material  was  placed  in  the  access  road  embankment, 
the  protective  levee,  and  the  designated  waste  area. 

When  ground  water  increased,  the  scrapers  were 
replaced  with  a  dragline.  In  July  1966,  11  wells  were 
drilled  to  a  depth  of  50  feet;  however,  the  flow  of  water 
into  the  excavation  site  continued  to  increase.  The 
contractor  then  injected  chemical  grouting  around  the 
outer  limits  of  the  excavation  in  an  attempt  to  seal  off 
the  infiltrating  ground  water.  Forty-six  well  points 
then  were  installed  around  the  perimeter  on  4-foot 
centers  and  connected  to  a  vacuum  pump.  Excavation 
proceeded  by  dragline  using  a  barrel-type  bucket.  By 
September  1966,  the  number  of  well  points  had  been 
increasecTto  86,  and  the  substitution  of  a  larger  capaci- 
ty pump  adequately  dewatered  the  excavation  site 
(Figures  392,  393  and  394). 


Figure  392.     Plant  Excavation— Badger  Hill 


Figure  393.     Plant  Excavation — Las  Perillas 
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Figure  394.     Start  of  Foundation  for  Badger  Hill 


Figure  395.      Installing  78-lnch-Diameter  Discharge  Line — Badger  H 


Discharge  Lines.  Excavation  for  the  Badger  Hill 
discharge  lines  was  performed  with  a  backhoe  using  a 
l'/j-cubic-yard  bucket.  The  trench  was  overexcavated 
a  minimum  of  3  inches,  and  the  bottom  was  bedded 
with  pervious  backfill.  After  the  pipes  were  installed, 
the  trench  was  backfilled  with  pervious  material 
which  was  then  consolidated  by  flooding  and  vibrat- 
ing with  concrete  vibrators.  Native  material  was 
dozed  over  the  top  of  the  pipe  up  to  the  level  of  the 
surrounding  terrain. 

Excavation  for  the  Badger  Hill  manifolds  and  Las 
Perillas  discharge  lines  and  manifolds  was  performed 
with  a  %-cubic-yard  Gradall  on  the  level  areas  and 
with  a  dozer  and  clamshell  on  the  slopes.  Manifold 
excavations  were  backfilled  with  sand  and  compacted 
by  whacker  machine  compactors  (Figures  395  and 
396). 

Concrete  Placement 

The  first  concrete  was  placed  at  Las  Perillas  and 
Badger  Hill  Pumping  Plants  in  November  1966.  The 
batch  plant  was  a  2-cubic-yard  tilt  mixer  (Figure  397). 
Water  was  obtained  from  nearby  wells.  The  pH  of  the 
water  used  was  at  the  upper  limit  of  acceptability  for 
concrete.  Concrete  was  hauled  from  the  batch  plant  to 
the  vicinity  of  placement  in  8-cubic-yard  trucks, 
where  a  crane  with  a  1-cubic-yard  bucket  delivered  the 
concrete  to  point  of  placement. 

The  Department  determined  concrete  mix  propor- 
tions, took  slump  tests,  and  made  test  cylinders.  Ce- 
ment from  some  shipments  had  a  false  set;  therefore, 
the  amount  used  was  increased  10%  when  this  cement 
was  proportioned  in  the  mix.  Crushed  ice  was  used  for 
a  portion  of  the  mixing  water  when  necessary  to  main- 
tain the  temperature  of  the  concrete  below  75  degrees 
Fahrenheit. 

Electrical-Mechanical  Installations 

Electrical  Cable.  In  November  1966,  the  first 
electrical  cable  and  a  small  tractor-mounted  trencher 
were  delivered,  and  trenching  for  the  main  grounding 
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Figure  396.     Discharge  Lines — Las  Perillas 


Figure  397.     Contractor's  Batch  Plant 
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grid  under  the  Badger  Hill  Pumping  Plant  site  com- 
menced. The  rough  excavation  for  the  plant  base  had 
penetrated  approximately  7  feet  below  the  water  ta- 
ble. Subsequent  heavy  rainfall  hindered  the  excava- 
tion and  backfilling  of  the  cable  trenches. 

Valves.  Pump  discharge  valves  were  manufac- 
tured and  installed  in  accordance  with  approved  sub- 
mittals. There  was  an  unusual  amount  of  difficulty  in 
installing  and  obtaining  required  seating  and  operat- 
ing characteristics.  The  valves  had.  to  be  removed  and 
seat  rings  replaced  at  Badger  Hill  Pumping  Plant.  The 
coating  on  the  inside  of  the  valves  revealed  a  blister 
effect  which  could  reduce  longevity.  Tests  were  per- 
formed in  accordance  with  specifications. 

Gates.  Suction  intake  gates  were  shop-inspected, 
and  a  coating  was  applied  at  the  job  site  in  accordance 
with  specifications. 

Overhead  Cranes.  The  overhead  cranes  arrived  at 
Las  Perillas  and  Badger  Hill  Pumping  Plants  in  Sep- 
tember 1967.  Considerable  adjustment  in  the  controls 
and  crane  rails  was  necessary  after  setting  the  cranes 
on  the  rails.  The  cranes  were  approved  in  accordance 
with  submittals  and  tested  with  the  weight  require- 
ments of  the  specifications. 

Power  Transformers.  Since  the  power  transform- 
ers were  not  scheduled  for  delivery  until  several 
months  after  Badger  Hill  Pumping  Plant  was  to  be 
operational,  special  provisions  were  made  for  tempo- 
rary transformers.  Three  used,  single-phase,  1,000- 
kVA  transformers  were  rented  from  the  Southern 
California  Edison  Company  and  four  used,  single- 
phase,  500-kVA  transformers  were  purchased  from  an 
Oregon  utility  company  which  had  planned  to  scrap 


them.  All  of  these  were  delivered  to  the  plant  on  No- 
vember 1,  1967  with  installation  being  completed  by 
January  22,  1968.  They  performed  satisfactorily  dur- 
ing start-up  tests  and  were  used  through  the  first  three 
months  of  operation. 

Permanent  transformers  replaced  the  temporary 
units  on  April  15,  1968  and,  after  successfully  passing 
the  required  electrical  tests,  were  placed  in  service 
(Figure  398). 

Motors.  Installation  of  motors  began  in  October 
1967.  The  last  motor  was  installed  in  January  1968. 
The  work  consisted  of  designing,  manufacturing,  in- 
stalling, and  testing  the  three  1,000-horsepower  mo- 
tors for  the  horizontal  pumps  at  Badger  Hill  Pumping 
Plant  and  three  350-horsepower  motors  for  the  Las 
Perillas  Pumping  Plant. 

No  changes  were  made  in  design  or  during  manu- 
facture of  units,  and  no  special  problems  occurred 
during  installation.  The  equipment  and  procedure 
used  for  this  installation  and  testing  were  routine.  All 
motors  passed  the  high-voltage  insulation  and  other 
tests  performed  in  accordance  with  specifications. 

Pumps.  Installation  of  pump  bases  on  pedestals 
commenced  in  October  1967.  Unit  No.  2  was  the  last 
pump  installed  at  Badger  Hill  Pumping  Plant  and  the 
installation  was  completed  in  January  1968,  after  a 
delay  for  repairs.  Earlier,  two  pumps  had  to  be  disas- 
sembled, sandblasted,  and  recoated  because  the  initial 
coating  did  not  bond  properly.  A  problem  of  noise  and 
vibration,  which  was  attributed  to  improper  setting  of 
the  ball  valves  in  some  of  the  units,  required  correc- 
tion. 


Figure   398.     Installing  Bushings  on  Transformers  at  Badger  Hil 


Figure   399.      Installing  Pumps  at  Las  Perillas 
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By  agreement  dated  May  15,  1968,  between  the  Ber- 
renda  Mesa  Water  District  (a  member  unit  of  the 
Kern  County  Water  Agency)  and  the  Department, 
the  District  furnished  and  installed  Pumping  Unit 
No.  4  in  each  pumping  plant  and  administered  the 
work.  An  agreement  dated  May  8,  1969,  between  the 


District  and  the  Department,  provided  for  the  District 
to  award  contracts  for  furnishing  and  installing 
Pumping  Units  Nos.  5  and  6  in  each  pumping  plant 
and  the  second  discharge  line  at  the  Badger  Hill 
Pumping  Plant  (Figures  399  and  400) .  This  latter  con- 
tract was  administered  by  the  Department. 


Figure  400.     Pump  and  Motor  Installation  at  Badger  Hill 


The  following  engineering  drawings  may  be  found  in  consecutive  order  im- 
mediately after  this  reference  (Figures  401  through  421). 
Figure 
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General  Site  Plan- 
General  Site  Plan- 
Motor  Floor  Plan- 
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Figure  401.     General  Site  Plan — Las  Peri 
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Figure  402.     General  Site  Plan — Badger  Hill 
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Figure  403.     Motor  Floor  Plan — Las  Perillas 
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Figure  404.     Pump  Floor  Plan — Los  Perillas 
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Figure  405.     Longitudinol  Section — las  Perillas 
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Figure  406.     Transverse  Section — Las  Perillo 
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Figure  407.     Manifold  Details — Badger  Hill 
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Badger  Hill 
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Figure  409.     Pipeline  (Continued) — Badger  Hill 
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Figure  410.     Pump  Discharge  Valve: — Hydraulic  System 
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Figure   411.      Overheod  Traveling  Cr 
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Figure  412.     Suction  Intake  Gates — 112-cfs  Units 
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Figure  413.     Flow  Tubes— Las  Perillas 
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Figure   414.      Suction  Intake  Dewaterinq  Valv 


366 


® 

®  - 

© 

■< 

§) 

. 

r 

/, 

i 

/Y 


in* 


i*  hilt 
[iiijji 


h 


j 


k 

•i 


jit*1**' 


/ 


■ 


W 


I    !i    ■' 


£ 


r 


_,  i 


tut 


-i 

L  Ite 

i 

r^ 


°!     -.-33 


15 


Figure  415.     Piezometer  Piping — Las  Perillas 
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Figure  416.     Pump  Discharge  Valve — Bypass  Systen 
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Figure  417.     Domestic  Plumbing  Systems — Los  Perillas 
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Figure   418.      Plant  Single-Line  Diagram— Los  Pe 
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Figure  419.     Station  Service  Schematic — Las  Perillas 
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Figure   420.     Control  Equipment — Lineup 
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Figure  421.     Control  Equipment — Elevation — Las  Perillo 
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Figure  422.     Location  Map— Buena  Vista  and  Wheeler  Ridge  Pumping  Plants 
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CHAPTER  XL 


BUENA  VISTA  AND  WHEELER  RIDGE 
PUMPING  PLANTS 


General 

Location 

Buena  Vista  Pumping  Plant,  constructed  during  the 
period  from  1967-1972,  is  located  on  the  California 
Aqueduct  approximately  24  miles  southwest  of  Ba- 
kersfield  in  Kern  County  (Figure  422).  Access  to  this 
pumping  plant  is  by  an  extension  of  Lake  Station 
Road  from  Gardner  Field  Road,  approximately  7 
miles  east  of  Taft,  California. 

Wheeler  Ridge  Pumping  Plant,  also  constructed 
during  the  period  from  1967-1972,  is  located  approxi- 
mately 27  miles  downstream  from  the  Buena  Vista 
Pumping  Plant  about  23  miles  south  of  Bakersfield, 
Kern  County,  on  the  west  side  of  U.S.  Highway  99 
(Figure  422).  Access  to  this  pumping  plant  is  by  a 
road  that  connects  to  Maricopa  Road  (State  Highway 
166). 

Purpose 

Buena  Vista  Pumping  Plant  operates,  in  a  series  of 
sequential  lifts  in  the  southern  San  Joaquin  Valley, 
with  Wheeler  Ridge,  Wind  Gap,  and  A.  D.  Edmon- 
ston  Pumping  Plants  conveying  California  Aqueduct 
water  to  and  across  the  Tehachapi  Mountains.  Delta 


Pumping  Plant  and  Dos  Amigos  Pumping  Plant,  up- 
stream from  this  series  of  plants,  are  described  in 
Chapters  IV  and  IX  of  this  volume.  In  this  series, 
Buena  Vista  Pumping  Plant  provides  the  first  lift, 
from  elevation  295.4  feet  to  elevation  500.6  feet.  It  also 
furnishes  water  for  turnouts  in  the  reach  of  aqueduct 
extending  beyond  to  Wheeler  Ridge  Pumping  Plant. 
Wheeler  Ridge  Pumping  Plant  provides  the  next  lift 
from  elevation  492.0  feet  to  elevation  724.5  feet  and 
furnishes  water  for  a  turnout  in  the  reach  of  aqueduct 
extending  beyond  to  Wind  Gap  Pumping  Plant. 

Description 

Buena  Vista  and  Wheeler  Ridge  Pumping  Plants 
basically  are  similar  in  design  and  configuration  (Fig- 
ures 423  and  424) .  Results  and  conclusions  of  prelimi- 
nary studies  and  design  for  Buena  Vista  were  equally 
valid  for  Wheeler  Ridge  and  therefore  were  used  for 
both  plants.  Both  plants  have  reinforced-concrete  sub- 
structures, structural-steel  superstructures,  switch- 
yards, transformer  yards,  exposed  steel  discharge 
lines,  and  siphon  outlet  facilities.  All  pumping  units 
consist  of  vertical-shaft,  single-stage,  centrifugal-type 
pumps  directly  connected  to  vertical  synchronous  mo- 
tors. 


Figure  423.     Aerial  View — Buena  Vista  Pumping  Plant 


Figure  424.     Aerial  View— Wheeler  Ridge  Pumping  Plant 
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Buena  Vista  Pumping  plant  has  ten  pumping  units 
(Figure  425)  with  a  total  design  flow  of  5,365  cubic 
feet  per  second  (cfs).  Seven  of  the  pumping  units  are 
rated  17,000  horsepower  (hp),  631  cfs  (each),  257  rpm, 
at  209  feet  of  head  and  each  of  the  remaining  three 
units  is  rated  8,500  hp,  316  cfs  at  360  rpm,  and  209  feet 
of  head.  Each  of  the  316-cfs  units  discharges  through 
a  66-inch  butterfly  valve  and  a  manifold  to  a  common 
9-foot  discharge  line.  Each  of  the  631-cfs  units  dis- 
charges through  a  90-inch  butterfly  valve  into  an  indi- 
vidual 9-foot  discharge  line. 

Wheeler  Ridge  Pumping  Plant  has  nine  pumping 
units  with  a  total  design  flow  of  4,926  cfs.  Six  of  the 
pumping  units  are  rated  20,000  hp,  657  cfs  (each),  277 
rpm,  at  238  feet  of  head  and  each  of  the  remaining 
three  units  is  rated  at  10,000  hp,  328  cfs  at  400  rpm,  and 
238  feet  of  head.  Similar  to  Buena  Vista,  each  of  the 
small  units  discharges  through  a  66-inch  butterfly 
valve,  and  a  manifold  to  a  common  9-foot  discharge 
line  and  the  large  units  discharge  through  90-inch  but- 
terfly valves  into  individual  9-foot  discharge  lines. 

Representative  drawings  are  included  at  the  end  of 
this  chapter. 

Geology — Buena  Vista 
Areal  Geology 

Buena  Vista  Pumping  plant  is  in  the  folded  conti- 
nental sediments  of  the  Buena  Vista  Hills  on  the 
northeast  flank  of  the  southeasterly  plunging  Buena 
Vista  anticline.  Two  geologic  units,  Tulare  formation 
and  Recent  lake  sediments,  make  up  the  thick  conti- 
nental deposits. 

Site  Geology 

During  excavation  of  the  Recent  lake  sediments,  65 
to  70%  of  the  material  encountered  was  a  poorly  con- 
solidated silty  sand.  The  25  to  30%  of  clay  and  clay- 
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425.     Interior  View  of  Motor  Floor — Buena  Vista 


stone  encountered  was  jointed  and  folded.  The 
majority  of  the  joints  have  been  filled  or  healed  with 
gypsum.  Excavation  extended  into  the  Tulare  forma- 
tion and  encountered  55  to  60%  poorly  consolidated 
sand  and  silty  sand  with  approximately  40  to  45%  stiff 
clay,  or  claystone,  interbedded  with  thin  layers  of  silty 
sand  and  sandy  silt. 

Geologic  structure  of  the  intake  channel  consists  of 
clays,  silts,  and  sand  layers  in  small  folds  on  the  limbs 
of  a  larger  anticline  and  syncline.  Folds  are  asymmet- 
rical and  the  anticline  is  overturned. 

Potentially  expansive  clays,  gypsite,  and  organic 
rich  soils  exposed  in  the  intake  channel  were  unsuita- 
ble as  foundations  for  concrete  canal  linings.  This 
material  was  overexcavated  and  replaced  with  a  com- 
pacted sublining. 

Pumping  plant  bowl  excavation  exposed  numerous 
faults  and  expansive  clays  in  the  foundation.  The 
foundation  was  covered  with  air-blown  mortar  to  pre- 
vent desiccation  of  the  clays  and  provide  a  working 
surface  during  construction. 

Geologic  Exploration 

Design  exploration  included  large-diameter  holes 
accommodating  a  man-cage,  rotary  core  holes,  tren- 
ches, electrical  conductivity  surveys,  seismic  surveys, 
and  a  ground  water  investigation.  Geologic  mapping 
and  slope  inspection  proceeded  as  the  excavation  ad- 
vanced. 

Instrumentation 

Rebound  Gauges.  A  total  of  20  rebound  gauges 
were  installed  in  the  foundation  area.  Because  some 
damage  or  loss  of  gauges  usually  occurs  during  con- 
struction, a  balanced  distribution  of  both  the  cased 
gauges  and  buried  gauges  was  utilized.  Rebound 
gauges  were  surveyed  regularly  during  excavation. 

During  excavation  in  the  bowl  area,  the  foundation 
rebounded  an  average  of  0.32  of  a  foot  with  approxi- 
mately 3,200,000  cubic  yards  of  material  removed.  The 
rate  of  rebound  accelerated  rapidly  to  an  average 
cumulative  total  of  1.51  feet  after  approximately 
4,300,000  cubic  yards  of  material  was  removed.  Aver- 
age cumulative  rebound  recorded  after  the  first  stage 
of  excavation  was  1.71  feet  with  a  maximum  reading 
of  2.62  feet  recorded  by  one  gauge. 

Unusual  cracking  was  noted  on  the  west  side  of  the 
excavation.  Thrust  and  tension  cracks  developed,  sug- 
gesting overthrusting  from  the  west.  Exposure  of  the 
underlying  clay  in  the  southwest  corner  revealed  the 
clay  had  bulged  up  as  if  pushed  from  beneath. 

Final  structural  excavation  was  done  in  three  stages 
to  ensure  minimum  unloading  and  the  fastest  possible 
reloading  of  the  foundation  and  manifold  areas.  The 
first  stage  of  final  excavation  was  on  the  east  end.  The 
rate  of  rebound  accelerated  rapidly  until  the  first  stage 
was  completed  and  mass  concrete  placement  begun. 
Rebound  continued  after  completion  of  the  first  stage 
and  during  the  second-stage  excavation. 
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During  the  third  and  final  stage  on  the  west  end,  the 
rate  of  rebound  again  increased.  Generally,  the  re- 
bound was  concentrated  in  the  west  end  with  a  slight 
settlement  noted  on  the  east  end  as  concrete  place- 
ment began  reloading  the  foundation.  As  the  final 
stage  neared  completion,  horizontal  movement,  as 
much  as  '/2  inch  to  the  northeast,  occurred  approxi- 
mately 7  feet  below  the  contact  of  the  sand  and  clay 
beds.  Movement  was  along  a  slickensided  bedding 
plane  at  the  west  end.  Minor  cracking  was  noted 
around  the  foundation  excavation. 

Slope  Indicator.  Fifteen  slope-indicator  casings 
were  installed  in  the  plant  area  to  monitor  slope  stabil- 
ity. Measurements  indicated  two  characteristic  types 
of  deflections:  a  sequence  of  sharp  offsets  at  various 
depths,  and  a  gradual  tilt  from  top  to  bottom.  Analysis 
disclosed  that  horizontal  movements  at  Buena  Vista 
Pumping  Plant  were  caused  directly  by  differential 
vertical  movements,  and  the  vertical  movements  re- 
sulted from  deep-seated  rebound  following  load  re- 
moval over  a  large  area. 

Ground  Water 

Ground  water  was  encountered  near  an  invert  level 
of  274.2  feet  during  the  intake  channel  excavation. 
The  aquifer  was  a  medium  to  coarse  sand  and  silty 
sand  with  occasional  thin  gravel  lenses,  approximately 
30  to  40  feet  thick.  A  sump  was  dug  and  a  portable 
pump  was  used  to  lower  the  static  water  level  below 
invert  elevation.  Prior  to  trimming  and  lining,  an  un- 
derdrain  system  was  installed  beneath  the  invert.  The 
system  drained  to  a  sump  installed  on  the  right  side  of 
the  prism  section. 

Artesian  pressures  existed  in  the  pumping  plant 
bowl  area.  A  temporary  ground  water  pumping  sys- 
tem was  installed  to  lower  pressures  prior  to  and  dur- 
ing the  final  structural  excavation.  The  system 
consisted  of  five  pumping  wells,  five  observation 
wells,  and  one  discharge  line. 

The  artesian  aquifer  on  the  west  side  of  the  plant 
was  effectively  depressurized,  with  water  levels  low- 
ered below  the  confining  layer.  Water  levels  on  the 
east  side  of  the  plant  were  lowered  only  3  feet.  Draw- 
down on  the  east  side  was  apparently  affected  by  the 
low  permeability  zone  related  to  a  fault  which  crosses 
the  excavation. 

Seismicity 

Numerous  faults  were  exposed  by  the  excavation. 
There  is  no  direct  evidence  that  indicates  faults  ex- 
posed in  the  pumping  plant  bowl  are  active  or  will 
affect  the  stability  of  the  plant.  Two  slope-indicator 
casings  were  installed  on  the  460-foot-elevation  berm 
to  monitor  a  thrust  fault  exposed  above  and  below  the 
420-foot-elevation  berm.  No  fault  movement  was  re- 
corded. Additional  shear  zones  that  extend  short  dis- 
tances and  show  minor  displacement  gave  no  evidence 
of  recent  movement. 


Geology — Wheeler  Ridge 

Areal  Geology 

Wheeler  Ridge  Pumping  Plant  site  is  near  the  base 
of  the  Wheeler  Ridge  anticline,  a  part  of  the  San  Emig- 
dio  Mountains.  Wheeler  Ridge  is  a  complex  structure 
of  intensely  folded  and  faulted,  consolidated,  sedimen- 
tary deposits  of  Tertiary  Age.  A  combination  of  sedi- 
mentary rock,  steep  gradients,  high-intensity  runoff, 
and  sparse  vegetation  has  resulted  in  the  erosion  of 
deep  gullies  and  the  formation  of  large  coalescing  allu- 
vial fans. 

Site  Geology 

The  plant  is  constructed  on  the  northern  flank  of 
Wheeler  Ridge,  an  asymmetrical  anticline  plunging 
both  east  and  west  with  a  steep  northeastern  dip. 
Flanking  Wheeler  Ridge  at  the  Wheeler  Ridge  thrust 
fault  are  coalescing  Recent  alluvial  fans  that  overlay 
the  Tertiary  Tulare  formation.  Alluvial  fans  are  near- 
ly flat-lying  deposits  of  sandy  clay  and  silty  sand  with 
lenses  of  poorly  graded  sand  and  gravel.  These  depos- 
its are  a  result  of  erosion  of  the  Wheeler  Ridge  anti- 
cline. Tulare  formation  is  a  consolidated,  interbedded, 
silty  sand,  silty-gravelly  sand,  silt,  and  clay,  intensely 
folded  and  faulted. 

The  plant  is  2,000  feet  northwest  of  the  surface- 
projected  intersection  of  the  Wheeler  Ridge  thrust 
fault  and  White  Wolf  fault.  The  discharge  lines  cross 
the  projected  trace  of  the  White  Wolf  fault.  The  Aque- 
duct to  Wind  Gap  Pumping  Plant  is  approximately 
parallel  to  the  Wheeler  Ridge  thrust  fault. 

Geologic  Exploration 

A  48-inch-diameter  197-foot-deep  hole  was  drilled 
in  the  plant  bowl  area  for  inspection  of  the  material 
from  a  man-cage.  Plate  bearing  tests  were  conducted 
at  10-foot  intervals  and  in-place  samples  were  taken. 
Design  exploration  also  included  rotary  and  auger 
drill  holes,  with  electric  logging  of  drill  holes  in  the 
plant  bowl  to  determine  the  ground  water  table. 

Instrumentation 

Slope  indicators  and  rebound  gauges  were  installed 
and  monitored  during  excavation.  No  significant 
movement  was  noted.  Two  tiltmeters  were  installed 
in  the  area  to  measure  tilting  resulting  from  tectonic 
movement,  deep  subsidence,  or  shallow  subsidence.  A 
slight  tilting  was  recorded. 

Seismicity 

Wheeler  Ridge  is  in  an  area  of  major  seismic  activ- 
ity. White  Wolf  fault  and  Wheeler  Ridge  thrust  fault 
are  within  2,000  feet  of  the  plant.  Epicenter  of  the  1952 
movement  on  the  White  Wolf  fault  (7.7  Richter  mag- 
nitude) was  in  the  vicinity  of  Wheeler  Ridge.  Seismic 
approval  of  the  plant  site  was  made  by  the  Consulting 
Board  for  Earthquake  Analysis  in  a  written  communi- 


377 


cation  to  the  Department  of  Water  Resources  May  27, 
1964,  stating  "Although  there  are  many  faults  in  the 
area,  we  consider  it  unlikely  that  there  will  be  any 
significant  fault  displacement  during  the  life  of  the 
structure". 

Civil  Features 

Preliminary  Studies 

Preliminary  work  for  both  plants  consisted  of  op- 
timization studies  involving  size,  number  of  pumping 
units,  and  space  requirements.  In  the  initial  studies, 
simple  horizontal  intake  suction  elbows  were  consid- 
ered. However,  on  the  basis  of  economic  studies  and 
the  requirements  of  plant  stability  under  earthquake 
conditions,  135-degree  suction  elbows  were  adopted, 
setting  the  structures  deeper  in  the  ground,  thus  pro- 
viding the  necessary  stability. 

One  of  the  major  design  problems  was  the  Buena 
Vista  Pumping  Plant  foundation  rebound.  The  plant 
is  located  in  a  bowl  that  initially  was  excavated  as  a 
part  of  the  intake  channel  under  an  earlier  contract. 
The  final  excavation  was  completed  under  the  plant 
construction  contract.  As  discussed  previously  in  this 
chapter,  rebound  of  the  foundation  was  expected, 
since  the  material  underlying  the  plant  consisted  of 
interbedded  sands  and  expansive  clays  subjected  to 
artesian  water.  This  rebound  was  considerably  great- 
er than  originally  anticipated  and  amounted  to  an  av- 
erage of  1.7  feet.  Staged  excavation  and  construction 
were  specified  in  the  plant  contract  to  minimize  and 
control  foundation  unloading.  Monoliths  of  the  plant 
substructure  also  were  keyed  to  prevent  differential 
movement. 

Wheeler  Ridge  Pumping  Plant  is  founded  on  poorly 
consolidated  alluvial  deposits  consisting  of  gravelly 
silty  to  clayey  sands.  Primary  concern  was  foundation 
tilting.  Repeated  levelings  over  bench  marks  in  the 
immediate  area  suggested  that  a  differential  tilt  of 
about  .01  foot  per  100  feet  per  year  may  occur  during 
the  life  of  the  plant.  Monoliths  of  Wheeler  Ridge 
Pumping  Plant  also  were  keyed  to  prevent  differential 
movement. 

Site  Development 

The  initial  site  development  for  Buena  Vista  and 
Wheeler  Ridge  Pumping  Plants  involved  excavations 
for  the  plant  bowls,  intake  canals,  and  discharge  lines. 
At  Buena  Vista  Pumping  Plant,  the  bowl  excavation 
is  approximately  610  feet  wide,  680  feet  long  at  the 
main  floor  elevation  of  the  plant,  and  150  feet  deep. 
Cut  slopes  in  the  main  bowl  are  2'/2:l  with  20-foot- 
wide  benches  at  approximately  40-foot  vertical  inter- 
vals. At  Wheeler  Ridge  Pumping  Plant,  the  bowl  exca- 
vation is  approximately  640  feet  wide  and  600  feet 
long.  Average  depth  of  bowl  excavation  is  120  feet. 
Cut  slopes  in  the  bowl  are  3:1  with  20-foot-wide 
benches  at  approximately  40-foot  intervals  vertically. 

Runoff  from  the  surrounding  area  of  both  plants  is 
prevented  from  entering  the  bowls  by  cutoff  ditches 


and  protective  dikes.  Rainfall  in  the  bowls  is  collected 
by  slope  drains  which  carry  it  to  the  plant  yard  level 
and  ultimately  to  the  plant  forebay. 

Plant  Structures 

Both  Buena  Vista  and  Wheeler  Ridge  Pumping 
Plants  have  four  pump  bays  and  a  service  bay.  Each 
bay  is  a  structurally  independent  monolith  separated 
from  adjoining  bays  by  expansion  joints.  Buena  Vista 
Pumping  Plant  is  43  5  feet  -  8  inches  long,  and  Wheeler 
Ridge  Pumping  Plant  is  408  feet  -  8  inches  long.  The 
substructure  and  superstructure  of  both  plants  are  1 24 
feet  and  59  feet  -  6  inches  wide,  respectively;  the 
height  from  centerline  of  distributor  to  the  motor 
floor  is  26  feet  -  6  inches  and  from  the  motor  floor  to 
the  top  of  the  crane  rail  is  32  feet-  11  inches.  The 
general  shape  of  the  lower  portion  of  the  pump  bay 
substructures  was  governed  by  the  135-degree  suction 
elbow.  Size  of  pump  bays  and  service  bays  was  based 
on  space  requirements  of  pumps,  motors,  and  auxil- 
iary equipment. 

The  basic  elements  of  the  superstructures  are  rigid 
steel  frames  which  support  the  upper  portion  of  the 
buildings  and  the  bridge  cranes.  The  lower  8  feet  of 
the  exterior  walls  are  reinforced-concrete  block,  and 
the  upper  portion  is  metal  sandwich  panels.  The  roofs 
are  composition  surfaces  laid  on  diaphragms  of  No. 
16-gauge  T-decking.  The  architectural  motif  de- 
scribed in  Volume  VI  of  this  bulletin  was  used  at  both 
plants. 

Waterways 

Intakes  for  Buena  Vista  and  Wheeler  Ridge  Pump- 
ing Plants  are  of  standard  configuration,  which  re- 
quired flaring  of  the  Aqueduct  to  form  the  intake 
transitions.  Installed  waterway  equipment  includes 
trashrack^  and  steel  bulkhead  gates  on  the  intake  side 
of  the  plant,  pumps  and  discharge  valves  inside  the 
plant,  and  siphon  outlet  facilities  at  the  outlet  of  the 
discharge  lines. 

Intake  Facilities.  The  concrete-lined  intake  chan- 
nels are  trapezoidal  in  cross  section,  have  a  24-foot 
bottom  width,  a  water  depth  of  22  feet,  and  side  slopes 
of  2:1.  The  inverts  slope  .000040  and  .000045  at  Buena 
Vista  and  Wheeler  Ridge  Pumping  Plants,  respective- 

iy- 

Trashracks  are  provided  for  each  pump  intake  to 
prevent  the  passage  of  debris.  They  are  cleaned  by 
mechanical  rakes  operated  by  10-ton  gantry  cranes 
mounted  on  the  decks  of  the  plant  structures. 

Structural-steel  bulkhead  gates  are  provided  for  clo- 
sure of  the  pump  intakes.  They  operate  in  slots  formed 
in  the  piers  at  the  wall  of  the  plant  structure.  Bulkhead 
gates  are  handled  by  the  10-ton  gantry  cranes  and, 
when  not  in  use,  are  stored  in  gate  storage  vaults  at  the 
end  of  each  plant. 

Pump  Discharge  Lines.  The  Buena  Vista  Pump- 
ing Plant  and  Wheeler  Ridge  Pumping  Plant  dis- 
charge lines  are  virtually  identical   in  concept  and 
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design.  They  differ  only  in  design  head,  length,  num- 
ber of  lines,  and  slopes  as  follows: 


Static  Head — feet 

Dynamic  Head — feet 

Distance — Valves  to  Siphon 
feet 

Number  of  Lines 

Slope— %.. 

Design  Head  at  Manifolds 
feet  (includes  upsurge)  __ 


Wheeler  Ridge 


233 
238 

1,466 

7 
19 


All  discharge  lines  are  9-foot-diameter  steel  pipes, 
supported  by  ring  girders  resting  on  concrete  piers 
spaced  at  40-foot  intervals,  using  sleeve-type  couplings 
to  connect  adjacent  pipe  sections.  The  main  compo- 
nents of  the  system  include  manifolds  and  encased 
pipes,  main  discharge  lines,  and  siphon  outlets. 

Manifolds  and  Encased  Pipes.  The  manifold  sec- 
tions and  encased  pipes  extend  from  the  discharge 
valves  to  the  end  of  the  concrete  encasement 
and  include  valve  tapers,  articulation  sections,  wye 
branches,  and  concrete-encased  pipes. 

Articulation  between  each  valve  taper  and  the 
manifold,  as  described  in  Chapter  I  of  this  volume,  is 
provided  by  the  use  of  a  short  pipe  section,  approxi- 
mately one  pipe  diameter  in  length,  supported  be- 
tween a  pair  of  special,  extra-long,  sleeve-type 
couplings. 

Downstream  from  the  articulation  sections  in  both 
plants,  the  piping  from  Pump  Units  Nos.  1,  2,  and  3 
is  manifolded  (Figure  426).  The  60-degree  wye 
branches  are  the  three-stiffener-ring  type  and  are  not 
symmetrical.  The  junction  for  Units  Nos.  1  and  2  has 
both  an  internal  splitter  plate  and  external  reinforc- 
ing. The  remaining  junction  has  external  reinforcing 
only.  Steel  used  for  the  manifold  pipes  is  ASTM  A285, 


Figure  426.     Manifold— Wheeler  Ri( 


Grade  C,  firebox  quality.  Shell  plates  are  9/l6  of  an  inch 
thick,  crotch  plates  are  1  inch  thick,  and  reinforcing 
plates  either  1  inch  or  l'/2  inches  in  thickness.  Pipes 
from  the  remaining  pump  units  have  a  9/16-inch  wall 
thickness  and  are  not  manifolded. 

All  portions  of  the  discharge  lines  under  the  pump- 
ing plant  backfill  are  encased  in  reinforced  concrete. 
This  concrete  encasement  supports  the  earth  load  and 
acts  as  an  anchorage  resisting  the  thrusts  developed  at 
the  bends  and  wye  branches.  Encasement  is  described 
in  Chapter  I  of  this  volume. 

Main  Discharge  Lines.  Steel  used  in  the  main  dis- 
charge lines  is  ASTM  A285,  Grade  C,  firebox  quality, 
with  the  shell  thickness  varying  from  5/6  of  an  inch  to 
yi6  of  an  inch. 

Because  both  plants  are  located  in  seismically  active 
areas,  which  are  also  subject  to  deep  subsidence  and 
tectonic  tilting,  requirements  for  articulation  are  the 
most  stringent  on  the  entire  California  Aqueduct.  The 
design  criteria  for  the  discharge  lines  required  con- 
crete piers  at  40-foot  intervals  and  a  support  system 
which  would  allow  6  inches  of  transverse  displace- 
ment between  adjacent  piers  without  overstressing 
the  fixed  support  ring  girder  columns  or  placing  large 
shear  loads  across  the  sleeve-type  couplings. 

To  enhance  the  overall  stability  of  the  discharge 
line  system,  the  center  set  of  support  piers  at  Buena 
Vista  and  the  three  suppport  pier  sets  located  at  the 
quarter  points  between  the  bend  anchors  at  Wheeler 
Ridge  are  supported  on  pairs  of  30-inch-diameter  cast- 
in-drilled-hole  piles. 

The  main  discharge  line  system  consists  of  typical 
ring  girders;  a  beam  and  trunnion  assembly  attached 
to  the  girder  column  bearing  plates  at  the  fixed  sup- 
ports; neoprene  bearing  pads,  located  between  bear- 
ing plates  and  support  piers;  and  sleeve-type 
couplings,  which  connect  adjacent  pipe  sections. 

The  special  ring  girder  support  system  is  unique,  as 
compared  to  a  conventional  ring  girder  pipe  support 
system.  In  the  conventional  system,  each  section  of 
pipe  is  supported  by  a  fixed  bearing  under  each  ring 
girder  column,  or  leg,  on  the  downhill  end  and  a  slid- 
ing bearing  or  rocker  under  each  column  on  the  uphill 
end.  At  each  pipe  joint,  pairs  of  fixed  and  sliding  bear- 
ings rest  on  a  single  concrete  pier.  Fixed  bearings  are 
bolted  directly  to  the  support  pier,  and  sliding  bear- 
ings allow  longitudinal  movement.  With  this  type  of 
system,  the  rigidity  of  the  fixed-end  support  will  not 
allow  any  transverse  displacement  between  adjacent 
concrete  piers  without  damaging  the  support  system. 

In  the  special  ring  girder  support  system  used  at 
Buena  Vista  and  Wheeler  Ridge  Pumping  Plants,  all 
ring  girder  column  bearing  plates  rest  on  l'/2-inch- 
thick  neoprene  pads  which  transfer  loads  perpendicu- 
lar to  the  bearing  plates  onto  concrete  support  piers. 
At  each  fixed  support,  loads  parallel  to  the  bearing 
plates  are  transferred  to  the  support  pier  through  a 
beam  and  trunnion  pivot.  The  beam  is  a  W18X45 
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(18WF45)  section,  mounted  flat  and  welded  to  the 
fixed  support  bearing  plates,  and  has  a  reinforced  hole 
through  the  midpoint  of  the  web.  The  trunnion  is  a 
3-inch-diameter  steel  pin,  embedded  in  the  concrete 
support  pier,  which  protrudes  through  the  hole  in  the 
beam  to  form  the  pivot.  It  is  the  forcing  of  rotation 
around  this  pivot,  combined  with  the  flexibility  af- 
forded by  the  neoprene  pads,  which  allows  transverse 
pier  displacement  to  occur. 

Both  plants  have  small  anchors  at  the  upper  end  of 
the  discharge  lines  to  resist  thrust  forces  caused  by  the 
bends.  Wheeler  Ridge  discharge  lines  also  have  an 
additional  anchor  at  horizontal  bends,  approximately 
400  feet  beyond  the  Pumping  Plant.  The  anchors  on 
the  exposed  portions  of  both  plants  are  single  struc- 
tures which  tie  all  lines  together. 

Stiffener  rings  on  exposed  sections  of  the  discharge 
lines  modify  the  resonant  frequency  of  the  pipe  sec- 
tions, thus  eliminating  the  possibility  of  vibrations 
caused  by  pump  pulsations.  Because  the  small  and 
large  pumps  are  not  identical  in  rotational  speed  and 
number  of  pump  impeller  vanes,  the  stiffener  spacing 
on  discharge  line  No.  1  is  different  from  the  spacing 
on  the  remainder  of  the  discharge  lines. 

Siphon  Outlets.  The  siphon  outlet  structures  are 
typical,  steel-lined,  reinforced-concrete  structures 
(see  detailed  description  in  Chapter  I  of  this  volume). 
The  Buena  Vista  siphon  has  eight  bays;  the  Wheeler 
Ridge  siphon  has  seven  bays.  Backflow  into  the  dis- 
charge lines  is  prevented  by  the  siphon  breaker  valves, 
which  allow  air  to  enter  the  siphon  at  the  crest.  Sto- 
plogs  are  provided  at  the  downstream  end  of  each  bay 
so  that  the  siphons  can  be  dewatered  for  maintenance. 

Mechanical  Features 

General 

The  mechanical  installation  at  Buena  Vista  Pump- 
ing Plant  includes  ten  pumps  with  discharge  valves, 
and  at  Wheeler  Ridge  Pumping  Plant  there  are  nine 
pumps,  each  with  a  discharge  valve.  Each  plant  also 
contains  two  equipment-handling  cranes  and  auxil- 
iary support  equipment. 

This  chapter  contains  information  and  a  descrip- 
tion of  the  mechanical  equipment  for  both  Buena 
Vista  and  Wheeler  Ridge  Pumping  Plants  which  are 
unique  to  these  two  plants.  General  information  on 
mechanical  equipment  which  is  common  to  all  plants 
of  the  State  Water  Project  is  discussed  in  Chapter  I  of 
this  volume. 

Pumps 

The  main  pumps  are  vertical-shaft,  single-stage,  dif- 
fuser  casing,  centrifugal  type,  directly  connected  to 
synchronous  motors.  All  pumps  rotate  counterclock- 
wise as  viewed  from  the  motor  end  (Figures  427,  428, 
429,  and  430). 


Equipment  Ratings 

Main  Pumps — Buena  \'ista  and  Wheeler  Ridge  Pumping  Plants 
Manufacturer:  Allis-Chalmers  Manufacturing  Co. 
Type:  Vertical-shaft,  single-stage,  centrifugal 

Pumps  Sos.  1,  .',  and  3 — Buena  I  ista  Pumping  Plant 
Discharge,  each:  316  cfs 

Total  Head:  209  feet 

Speed:  360  rpm 

Guaranteed  Efficiency:  93.0% 

Minimum  Submergence  at 

Pump  Centerline:  15  feet 

Pumps  Sos.  4  through  10 — Buena  I  ista  Pumping  Plant 
Discharge,  each:  631  cfs 

Total  Head:  209  feet 

Speed:  257  rpm 

Guaranteed  Efficiency:  93.2% 

Minimum  Submergence  at 

Pump  Centerline:  15  feet 

Pumps  Sos.  1,  2,  and  3 — Wheeler  Ridge  Pumping  Plant 
Discharge,  each:  328  cfs 

Total  Head:  238  feet 

Speed:  400  rpm 

Efficiency:  92.5% 

Minimum  Submergence  at 

Pump  Centerline:  10.5  feet 

Pumps  Sos.  4  through  9 — 14  heeler  Ridge  Pumping  Plant 
Discharge,  each:  65"  cfs 

Total  Head:  238  feet 

Speed:  277  rpm 

Efficiency:  93.0% 

Minimum  Submergence  at 
Pump  Centerline:  10.5  feet 

Pump  Discharge  \~alves  (Both  Plants) 

Manufacturer:         Yuba  Manufacturing  Division  of  Yuba  In- 
dustries, Inc. 
Type  and  Size —     Units  Xos.  1.  2,  and  3- 

66-inch,  metal-seated,  butterfly 
Units  Xos.  7  through  10 — 
90-inch,  metal-seated,  butterfly 
Cranes  (Both  Plants) 
60-Ton  Bridge  Crane 

Manufacturer:     Crane  Hoist  Engineering  and  Manufactur- 
ing Co. 
Typer^  Overhead,  traveling,  bridge 
10-Ton  Gantry  Crane 
Manufacturer:     Broadline  Corp. 
Type:     Outdoor,  traveling,  gantry 


Figure  427.     Laboratory  Testing  of  Model  Pump 
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The  pump  casings  are  embedded  in  the  concrete 
substructure  of  the  plant.  All  removable  parts  of  the 
pump,  including  the  impellers,  shafts,  guide  bearings 
and  housings,  and  top  casing  cover,  are  removable 
from  above  and  designed  to  pass  through  the  motor 
stator.  Weight  of  the  revolving  parts  and  the  hydraulic 
thrust  are  carried  by  thrust  bearings  in  the  motors. 

Impellers  are  one-piece,  enclosed,  centrifugal,  sin- 
gle-suction type,  fabricated  from  cast  steel  and  are 
provided  with  corrosion-resistant  steel  (modified 
AISI-422)  wearing  rings  (Figure  431). 

Removable  and  renewable  wearing  rings  are  located 
in  the  suction  and  casing  covers  opposite  the  wearing 
rings  on  the  impeller  crown  and  band  and  are  made 
of  AISI-422  stainless  steel.  The  pump  guide  bearing  is 
the  self-lubricating  skirt  type. 

Starting  of  the  pumping  units  was  based  on  depress- 
ing the  water  in  the  pump  case  below  the  impeller 
before  closing  the  motor  breaker  and  synchronizing  to 
reduce  the  starting  load  on  the  motor.  After  synchro- 
nizing, the  air  in  the  pump  case  was  bled  off  to  allow 
the  water  to  fill  the  case  and  to  prime  the  pump  before 
opening  the  pump  discharge  valve  to  progress  into  the 
pumping  mode. 

Utilizing  this  method  resulted  in  violent  lifting  of 
the  rotating  parts  when  water  in  the  pump  case 
reached  the  impeller.  Many  field  tests  were  made 
while  investigating  ways  of  eliminating  this  unaccept- 
able condition.  Before  testing,  however,  a  thrust  collar 
was  installed  in  the  motor  below  the  exciter  to  limit 
the  amount  of  uplift.  After  many  exhaustive  tests,  a 
procedure  was  developed  whereby  water  from  the  dis- 
charge line  was  introduced  into  the  pump  extension 


Figure  430.     Gauge  Board  in  Pump  Alcove 


Pump  Shaft  and  Impeller  Assembly 
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piece  before  venting  through  the  air  release  and  allow- 
ing water  to  enter  the  pump.  This  "backfilling"  re- 
quired approximately  one  and  one-half  minutes. 
Concurrently  with  the  backfilling,  air  from  the  pump 
case  was  vented  to  the  atmosphere  from  a  point  below 
the  impeller  eye.  This  process  provided  a  method  of 
filling  the  pump  whereby  the  impeller  was  essentially 
spinning  in  a  bubble  of  air  to  minimize  the  momen- 
tum effect  of  the  entering  water.  After  backfilling,  the 
air  release  valve  was  opened,  allowing  water  to  enter 
the  pump.  At  this  point,  the  pump  primes  and  the 
discharge  valve  opens  for  pumping.  Other  problems 
encountered  with  these  pumps  are  discussed  under 
the  contruction  portion  of  this  chapter. 

Pump  Discharge  Valves 

A  butterfly-type  valve  was  installed  on  the  dis- 
charge side  of  each  pump.  These  valves  are  used  as  a 
shutoff  to  prevent  backflow  through  the  units  when 
they  are  stopped  and  to  isolate  each  pump  from  its 
discharge  line  for  inspection  and  maintenance.  Each 
valve  and  its  appurtenances  are  located  in  a  separate 
valve  vault  at  the  end  of  the  discharge  extension  of 
each  pump  casing  (Figure  432). 

Units  Nos.  1,  2,  and  3  at  Buena  Vista  and  Wheeler 
Ridge  have  66-inch-diameter  valves,  each  weighing  ap- 
proximately 20,500  pounds.  Units  Nos.  4  through  10 
at  Buena  Vista  and  Units  Nos.  4  through  9  at  Wheeler 
Ridge  have  90-inch-diameter  valves,  each  weighing  ap- 
proximately 31,000  pounds. 

The  three  basic  components  of  each  butterfly  valve 
are  the  body,  the  disc,  and  the  hydraulic  cylinder  for 
opening  and  closing  the  valve  (Figures  433  and  434). 
The  disc  has  a  nonadjustable,  replaceable,  bronze  seat 
on  its  periphery,  while  the  valve  body  has  a  mating 
monel  seat  which  is  replaceable  as  well  as  adjustable 
by  means  of  exterior  bolts. 

The  disc  is  mounted  on  a  horizontal  shaft  which 
rotates  88  degrees  to  open  or  close  the  valve  (Figure 
435).  When  fully  closed,  the  disc  seats  at  an  angle  of 
88  degrees  (two  degrees  from  vertical).  When  fully 
open,  the  disc  is  parallel  to  water  flow.  Also,  the  disc 
is  fastened  to  the  shaft  by  fitted  taper  pins.  One  end 
of  the  shaft  is  connected  to  the  valve  disc  operating 
mechanism,  which  is  composed  of  an  operating  cylin- 
der, piston,  piston  rod,  cross-head,  connecting  linkage, 
locking  device,  and  operating  lever. 

The  cylinder  is  double-acting,  with  the  control  sys- 
tem set  up  to  simultaneously  vent  one  side  of  the  cylin- 
der to  the  oil  sump  tank  and  allow  oil  to  enter  the 
other  side  under  high  pressure  from  the  accumulator 
tank.  Rate  of  valve  movement  is  controlled  by  a  meter- 
ing valve  on  the  discharge  side  of  the  cylinder. 

Each  valve  disc  is  rotated  by  its  individual  hydraulic 
system,  pressurized  by  an  air-over-oil  accumulator. 
Each  system,  operating  at  a  pressure  of  500  pounds  per 
square  inch  (psi),  is  capable  of  one  opening  cycle  and 
two  closing  cycles,  after  which  system  pressure  is  re- 
duced to  375  psi. 


Figure  433.      Fabrication  of  Butterfly  Discs 
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Figure   434.     Testing  of  Valve  Operating  Cylinder 
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Figure  435.      Butterfly  Valve  on  Test  Stand 

Equipment  in  each  system  includes  an  oil  accumula- 
tor; oil  sump  tank  and  pumps;  air  compressor;  direc- 
tional and  flow  control  valves;  hydraulic  control 
panel;  valve  control  center;  and  necessary  piping,  wir- 
ing, and  instruments.  The  air  compressor  and  two 
hydraulic  oil  pumps  supply  air  and  hydraulic  fluid, 
respectively,  to  the  accumulator.  The  compressor  and 
pumps  normally  are  operated  automatically  but  can 
be  operated  manually  from  the  valve  control  center. 

Each  pump  discharge  valve  normally  is  operated 
only  in  the  fully  open  or  closed  position  and  will  open 
or  close  at  an  approximately  uniform  rate  with  the 
closing  times  being  the  same  for  normal  or  emergency 
conditions.  The  valves  are  set  to  close  in  approximate- 
ly 32  seconds. 

Equipment  Handling — Cranes 

Major  pumping  plant  equipment,  including  pumps, 
motors,  and  discharge  valves,  is  serviced  by  a  60-ton, 
indoor,  bridge  crane. 

Each  plant  also  has  an  outdoor,  10-ton,  gantry  crane 
with  a  trashrack  rake.  This  crane  raises,  lowers,  and 
transports  the  intake  bulkhead  gates  and  clears  the 
trashracks  of  debris. 

The  bridge  crane  is  an  electric,  cab-operated,  over- 
head, traveling  type,  with  a  main  60-ton-capacity  hook 
and  an  auxiliary  10-ton-capacity  hook.  A  sister-type 
hook,  bored  for  a  lifting  pin,  is  provided  for  the  main 
hoist. 

The  rated  capacities  and  speeds  of  the  bridge  crane 
are: 


Rated  capacity,  tons 

Number  of  trolleys 

Rated  capacity  of  main  hoist,  tons 

Rated  capacity  of  auxiliary  hoist,  tons 

Maximum  lift,  main  hoist,  feet — inches 

Maximum  lift,  auxiliary  hoist,  feet — inches 

Span,  feet — inches 

Hook,  Speeds — fpm 

Main  (5  step) 

Aux.  (5  step) 

Bridge  speed — feet  per  minute  (fpm) 

Trolley  speed — fpm 


60 
1 

60 
10 

71'— 6" 
59'— 6" 
53'— 7H" 

0-4 

0-20 

97 

46  full  load 

50  no  load 


Brakes  are  provided  for  hook,  trolley,  and  crane 
travel.  They  include  both  the  electric  and  hydraulic 
shoe  type,  with  shunt  coil  and  manual  release  lever. 

The  bridge  crane  is  controlled  from  an  operator's 
cage  mounted  below  one  corner  of  the  crane.  Access 
to  the  crane  is  at  two  locations  from  the  plant  cat- 
walks. One  is  from  the  operator's  cab  to  the  sidewall 
catwalk;  the  other  is  by  ladder  from  the  operator's  cab 
to  the  bridge  walkway  and  then  from  the  bridge  walk- 
way to  a  catwalk  mounted  on  the  end  wall  of  the 
Pumping  Plant. 

The  10-ton  gantry  crane  is  an  outdoor  traveling 
type,  with  a  trashrack  rake.  It  operates  on  steel  rails  in 
the  plant  gate  deck.  The  lifting  mechanism  consists  of 
a  lifting  beam  suspended  from  twin  snatch  blocks. 

The  rated  capacity  and  speeds  of  the  gantry  crane 
are  as  follows: 


Rated  capacity,  tons 

Number  of  trolleys 

Span,  feet. 

Hoist  speed  with  maximum  working  load, 
fpm  (two  speeds) 

Gantry  travel  speed  with  maximum  working 

load,  fpm 

Trolley  travel  speed  with  maximum  working 

load,  fpm 

Maximum  lift,  feet 

Trashrack  rake  maximum  lift,  feet 

Trashrack  rake  speed,  fpm 

Trashrack  rake  capacity,  pounds 


10 
1 
14 

8  to  12 

2  to  3 

30  to  40 

3  to  5 
30 
47 
32 

2,000 


Hydraulic  Transients 

Surge  protection  as  well  as  reverse  speed  control  are 
provided  by  one  speed  discharge  valve  closure. 

The  calculated  upsurge,  downsurge,  and  reverse- 
speed  conditions  with  a  single  speed  closure  of  32 
seconds  were  well  within  the  design  limits.  Field  tests 
verified  the  calculations. 

Auxiliary  Service  Systems 

The  auxiliary  service  systems  at  these  plants  are 
detailed  in  Chapter  I  of  this  volume.  Items  unique  to 
these  plants  are  noted  below. 

Raw  Water  Systems.  Raw  water  is  drawn  down- 
stream of  the  discharge  valves  on  Units  Nos.  3 
through  10.  It  is  then  piped  to  the  mechanical  gallery 
where  its  pressure  is  reduced  to  50  psi  by  four  pres- 
sure-reducing stations.  Water  from  this  system  is  used 
for  cooling  water  to  the  motors  and  pumps,  flushing 
water  to  the  pump  wear  rings,  condensing  water  to 
the  air-conditioning  system,  pressure  supply  to  the 
dewatering  sump  eductor  and,  at  Wheeler  Ridge,  as  a 
supplv  to  the  water  treatment  plant.  At  Buena  Vista, 
the  water  treatment  plant  supply  is  taken  from  the 
plant  forebav.  Provisions  were  made  at  Wheeler  Ridge 
to  supply  the  water  treatment  plant  from  the  forebav, 
if  necessary. 
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Two  cooling  water  pumps  located  in  the  access  gal- 
lery are  capable  of  supplying  raw  water  in  the  event 
pressure  in  the  raw  water  supply  header  drops  below 
a  set  value  (Figure  436).  These  pumps  also  are  used  to 
fill  a  discharge  line  in  the  event  all  discharge  lines  are 
dewatered. 

Automatic,  self-cleaning,  rotating-type  strainers 
were  installed  at  each  pressure-reducing  station  and  at 
each  cooling  water  pump  (Figure  437).  They  are  au- 
tomatically backwashed  when  the  pressure  drop 
across  their  straining  elements  exceeds  5  psi  or  by  a  set 
time  interval  that  overrides  the  pressure  switch. 

Oil  Systems.  Two  different  oils  are  used  in  the 
plants:  one  for  lubricating  the  pump  and  motor  bear- 
ings, and  one  for  the  hydraulic  fluid  in  the  pump 
discharge  valve  hydraulic  system.  The  oils  are  a  high- 
grade  turbine  type  with  the  pump  and  motor  systems 
having  a  viscosity  at  100  degrees  Fahrenheit  of  280  to 
330  SSU.  The  discharge  valve  systems  oil  has  a  viscos- 
ity at  100  degrees  Fahrenheit  of  140  to  160  SSU. 


Figure  437.     Cooling  Water  Pump  Gallery 


Electrical  Features 

General 

The  electrical  installations  at  the  two  plants  are 
nearly  identical.  Buena  Vista  has  one  more  pumping 
unit  than  Wheeler  Ridge.  The  installation  includes  a 
230-kY  switchyard;  power  transformers;  motors; 
switchgear;  and  auxiliary  systems  for  station  service, 
communication,  and  protection  of  equipment  and  per- 
sonnel (Figure  438). 

Chapter  I  of  this  volume  contains  information  on 
the  electrical  equipment  and  systems  for  Buena  Vista 
and  Wheeler  Ridge  which  are  common  to  other  plants 
in  the  State  Water  Project.  Information  and  descrip- 
tions which  are  unique  to  these  plants  are  included  in 
the  following  sections. 

Description  of  Equipment  and  Systems 

The  ten  motors  at  Buena  Vista  and  nine  motors  at 
Wheeler  Ridge  are  started  full-voltage  with  water  de- 
pressed from  the  pump  case.  The  motors  are  wye- 
connected  with  the  neutral  connected  to  ground 
through  the  high-voltage  winding  of  a  distribution 
transformer,  and  the  low-voltage  winding  is  connect- 
ed to  a  resistor  and  relays.  This  transformer-resistor 
combination  reduces  unbalanced  and  ground  fault 
currents  to  a  harmless  value.  The  relays  trip  the  motor 
off  the  line  for  abnormal  unbalances  or  ground  faults. 
Capacitors  and  lightning  arresters  on  the  line  side  of 
each  motor  protect  windings  from  voltage  surges. 

Two  230-kV  transmission  lines  serve  each  switch- 
yard. Two  circuit  breakers  and  associated  disconnect 
switches  protect  the  two  power  transformers  and 
transmission  lines  and  also  serve  for  switching  pur- 
poses. 

The  power  transformers  are  located  near  the  Pump- 
ing Plants  and  reduce  voltage  from  220  kV  to  13.2  kV. 
Lightning  arresters  are  mounted  on  the  transformers 
(Figure  439). 

The  metal-clad  switchgear  lineup  includes  circuit 
breakers  for  operation  and  protection  of  the  motors 
and  station  service  transformers.  Nonsegregated- 
phase  bus  connects  the  switchgear  to  the  power  trans- 
formers. The  larger  motors  are  also  connected  to  their 
circuit  breakers  with  this  same  type  of  bus.  Cables  are 
used  for  connections  of  the  smaller  motors. 

A  double-ended  substation  is  used  for  the  station 
service  equipment  which  includes  two  transformers, 
main,  tie,  and  distribution  breakers  (Figure  440).  The 
transformers  reduce  voltage  from  13.2  kV  to  the  distri- 
bution voltage  of  480  volts  (Figure  441). 

Duplex  walk-in-type  switchboards,  one  for  each 
unit,  are  utilized  to  mount  and  connect  the  protective 
relays,  instruments,  meters,  annunciators,  and  the  op- 
erating panel  (Figures  442  and  443). 

A  control  room  is  provided  in  each  plant  for  normal 
operation.  Each  unit  also  may  be  controlled  in  the 
local  mode  from  its  unit  switchboard.  A  computer  in 
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the  control  room  provides  the  necessary  control, 
monitoring,  annunciation,  display,  and  data  logging. 
The  plant  also  may  be  operated  from  a  remote  control 
center,  which  is  described  in  Volume  V  of  this  bulle- 
tin. 

Equipment  Ratings 
Motors 

Manufacturer:     Westinghouse  Electric 

Corporation 
Type:     Vertical-shaft,  synchronous 
Power  factor:     95% 
Volts:     13,200 
Motors  Nos.  1,  2,  and  3 — Buena  \  Ista 
Horsepower:     8,500 
Speed:     360  rpm 
Motors  Nos.  4  through  10 — Buena  \  'ista 
Horsepower:     17,000 
Speed:     257  rpm 
Motors  Nos.  1,  2,  and  3 —  Wheeler  Ridge 
Horsepower:     10,000 
Speed:     400  rpm 
Motors  Nos.  4  through  9 —  Wheeler  Ridge 
Horsepower:     20,000 
Speed:     277  rpm 
Power  Transformers 

Manufacturer:     General  Electric  Company 
Volts:     220-13.2  kV,  grounded-wye 

In  the  high-voltage  winding,  2'/2  and 
5%  above  and  below  rated  voltage 
3 

OA/FA 
Connection:     Wye-Delta 
Transformer  No.  1 — Buena  \  ista 

kVA:     45,750/61,000 
Transformer  No.  2 — Buena  I  'ista 

kVA:     40,875/54,500 
Transformer  No.  1 —  Wheeler  Ridge 

kVA:     43,875/58,500 
Transformer  No.  2 —  Wheeler  Ridge 
kVA:     49,125/65,500 
Station  Service 

Number  of  transformers:     2 
Volts:     13,200— 480Y/277 
3 

AA/FA 
1,000/1,333 
Emergency  engine-generator: 
volts,  3  phase 

Motor  Starting  Method 

As  previously  mentioned,  the  motors  are  started 
with  full  voltage  and  with  the  pump  casing  dewatered. 
Since  they  are  started  daily  for  off-peak  pumping,  the 
capability  to  operate  under  these  starting  conditions 
without  excessive  maintenance  or  rewinding  was  a 
major  concern. 


Taps: 

Phase: 
Type: 


Phase: 
Type: 
kVA: 


75   kW,  480 


Figure  438.     Motors  and  Unit  Control  Boards — Buena  Vista 


Figure  439.     45.75/61 .0-MV A  Transformers— Buena  Vista 


Figure  440.     480-Volt  Station  Service  Substation — Wheeler  Ridge 


385 


Figure  442.     Unit  No.  5  Control  Board — Buena  Vista 


The  choice  between  full-voltage  starting  and  re- 
duced-voltage starting  was  made  after  consideration 
of  the  following:  motor  load  and  speed,  effect  of  in- 
rush and  voltage  drop  on  the  utility  system,  and  eco- 
nomics. The  horsepower  per  pole  was  used  as  a  guide 
to  compare  these  plants  with  plants  constructed  by 
others  and  to  evaluate  their  experience  records.  The 
values  for  these  motors  were  sufficiently  low  to  war- 
rant the  selection  of  full-voltage  starting.  The  calculat- 
ed values  of  inrush  current  for  the  motor  sizes 
indicated  that  the  utility  system  would  not  be  adverse- 
ly affected  by  the  voltage  drop.  The  utility  system, 
with  several  interconnections  in  the  area  of  the  plants, 
is  a  strong  system.  The  study  also  recognized  the  eco- 
nomic aspects  of  the  starting  alternatives.  Full-voltage 
starting  required  a  minimum  of  equipment;  conse- 
quently, costs  would  be  less  and  starting  reliability 
greater.  Water  was  depressed  from  the  pump  impeller 
to  reduce  the  starting  torque  requirements  and  motor 
costs  (Figures  444  and  445). 


Figure  444.      20,000-Ho 
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230-kV  Interconnections 

Two  transmission  lines  supply  power  to  Buena 
Vista,  Wheeler  Ridge,  and  Wind  Gap  Pumping 
Plants.  A  load  external  to  department  plants  also  is 
supplied  over  these  lines  by  the  utility  company.  The 
switchyard  contains  two  transmission  lines  connected 
to  two  power  transformers  through  circuit  breakers. 
A  bypass  switch  was  installed  to  connect  the  two  cir- 
cuits together  between  the  transformers  and  circuit 
breakers.  Normally,  the  bypass  switch  is  open  and 
each  line  supplies  one  transformer  or  half  of  the  plant. 
This  arrangement  allows  one-half  of  the  yard  to  be 
shut  down  for  maintenance  by  closing  the  bypass 
switch  and  opening  a  circuit  breaker.  The  entire 
pumping  plant  is  then  supplied  from  the  remaining 


transmission  line  circuit  (Figure  446). 

In  the  initial  design  of  the  switchyard,  both  ring  bus 
and  main-and-transfer  bus  arrangements  also  were 
considered.  These  two  layouts  are  more  advantageous 
where  greater  switching  flexibility  or  future  growth 
must  be  considered,  such  as  at  generating  plants.  The 
two  alternate  layouts  also  require  more  equipment 
and  more  steel  structures  than  the  selected  switch- 
yard. 

The  switchyard  finally  selected  provides  sufficient 
flexibility  for  the  load  and  transmission  lines  utilized. 
Full  protection  is  provided  for  expected  situations. 
Since  costs  were  much  in  favor  of  the  two-breaker 
yard  and  since  no  future  expansion  was  anticipated, 
this  simpler  arrangement  was  selected. 


Figure  445.     Field  Excitation  and  Voltage  Regulation  Equipment — Wheeler  Ridge 


Figure  446.     230-kV  Switchyard— Buena  Vista 
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Construction — Buena  Vista  Pumping  Plant 

Contract  Administration 

Four  principal  construction  contracts  and  numer- 
ous furnish  and  install  contracts  were  awarded  for 
Buena  Vista  Pumping  Plant.  The  intake  channel  and 
bowl  were  excavated  under  Specification  No.  65-36. 
The  plant  and  lower  portion  of  the  discharge  line 
( 1,079,233  pounds)  were  constructed  under  Specifica- 
tion No.  67-47,  and  the  major  portion  of  the  discharge 
lines  (3,176,162  pounds)  was  constructed  under  Speci- 
fication No.  67-69.  Some  of  the  contracts  included 
equipment  for  other  plants.  General  information 
about  the  major  contracts  is  shown  in  Table  9. 

Bowl  and  Intake  Channel  Excavation 

Initial  excavation  started  in  November  1965.  Bowl 
excavation  was  completed  November  1966  and  the 
intake  in  January  1967. 

The  major  portion  of  the  excavated  material  was 
placed  in  waste  areas.  Minor  amounts  were  placed  in 
the  spill  basin  dike,  in  low  areas,  and  in  the  left  side 
of  the  canal  prism  at  the  upstream  end  of  the  intake 
channel. 

Earthwork  was  primarily  performed  with  scraper- 
tractor  combination  units. The  relatively  flat  terrain 


was  ideally  suited  for  large-scale  earth-moving  opera- 
tions. The  excavation  and  waste  areas  were  arranged 
so  that  the  loaded  scrapers  usually  traveled  downhill 
to  the  waste  areas.  A  total  of  9,703,000  cubic  yards  was 
removed  from  the  bowl  and  intake  channel  (Figure 
447). 

Layers  of  expansive  clays  were  overexcavated  4'/, 
feet  normal  to  the  intake  channel  side  slopes  in  various 
locations  and  replaced  with  a  total  of  62,100  cubic 
yards  of  clayey  sand. 

Surface  Water  Bemoval 

A  complete  drainage  system  was  installed  to  control 
runoff  in  the  area  excavated  for  the  intake  channel  and 
pumping  plant  bowl.  The  system  consists  of  a  net- 
work of  drop  inlets,  asbestos  cement  pipes,  drainage 
ditches,  and  outlet  facilities. 

Ground  Water  Bemoval 

A  ground  water  pumping  system  was  installed  to 
lower  artesian  pressures  prior  to  final  structural  exca- 
vation in  the  pumping  plant  bowl.  The  system  includ- 
ed four  wells  with  pumps,  five  observation  wells,  and 
a  discharge  line  from  the  pumps  to  an  evaporation 
pond.  The  total  pumping  capacity  was  200  gallons  per 
minute. 


TABLE  9.     Major  Contracts — Buena  Vista  Pumping  Plant 


Specification 


Low  bid 
amount 


Final 
contract  cost 


Total  cost — 
change  orders 


Starting 
date 


Comple- 
tion date 


Prime  contractor 


Intake  channel 

Pumps 

Pump  discharge  valves  (in- 
cluding Wheeler  Ridge 
Pumping  Plant) 

Power  transformers  (includ- 
ing Wheeler  Ridge  Pump- 
ing Plant) 

Plant  construction. 

Bridge  cranes  (including 
Wheeler  Ridge,  Wind 
Gap,  and  Oso  Pumping 
Plants)... 

Motors 

Aqueduct,*     Buena     Vista 
Pumping  Plant  to  Wheeler 
Ridge  Pumping  Plant 

Power  circuit  breakers  (in- 
cluding Wheeler  Ridge 
and  Wind  Gap  Pumping 
Plants) 

Switchgear  (including 
Wheeler  Ridge  Pumping 
Plant) 

Station  Service  Distribution 
Centers  (including 
Wheeler  Ridge  Pumping 
Plant) 

Completion  contract 

•  Includes  steel  discharge  lines  ; 


65-36 
67-08 


67-41 


P.O.  07119 
67-47 


67-57 
67-63 


67-69 


67-70 


68-10 
68-45 


83,447,228 
2,229,350 


2,047,609 


726,406 
6,865,663 


423,850 
3,156,957 

19,975,006 

409,840 

1,062,100 


194,256 
2,657,682 


53,601,155 
2,545,164 


2,330,098 


865,963 
7,106,521 


453,676 
3,744,530 

20,398,353 

437,204 

1,224,887 


212,506 
3,600,519 


$18,041 
—2,359 


9,465 


432 
126,433 


10,622 
31,056 

144,076 

2,701 

99,003 


7,496 
686,518 


9/28/65 
4/12/67 


9/13/67 


8/  7/67 
11/  8/67 


12/13/67 
2/16/68 

1/22/68 

12/29/67 

5/  2/68 


3/  7/68 
1/25/69 


10/  6/67 
5/19/72 


1/26/71 


3/28/72 
6/10/69 


10/13/69 
12/14/72 

8/31/70 

6/24/71 

5/  4/71 


6/23/71 
7/  1/72 


Griffith  Co. 
Allis-Chalmers  Mfg.  Co. 


Yuba  Industries,  Inc. 


General  Electric  Co. 
Guy  F.  Atkinson  Co. 


Crane  Hoist  Engineering 

&  Mfg.  Co. 
Westinghouse  Electric 

Corp. 


Griffith  Co. 


Westinghouse  Electric 
Corp. 


Golden  Gate  Switchboard 
Co. 


Allis-Chalmcrs  Mfg.  Co. 
Dravo  Corp. 


id  appur 


s  for  Buena  Vista  Pumping  Plant 
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Structural  Excavation  and  Backfill 

Structural  excavation  under  the  pumping  plant 
contract,  Specification  No.  67-47,  involved  excavation 
for  a  portion  of  the  pumping  plant  discharge  lines, 
hauling  of  excess  and  unsuitable  excavated  material  to 
spoil  areas,  and  final  excavation  of  the  pumping  plant 
bowl.  Final  excavation  and  concrete  placements  for 
the  plant  substructure  were  performed  in  three  stages. 
The  weight  of  the  concrete  reloaded  the  foundation 
and  limited  rebound  which  could  have  adversely  af- 
fected the  structural  stability  of  the  Pumping  Plant 
(Figure  448). 

The  first-stage  excavation  was  begun  during  De- 
cember 1967  and  finished  under  third-stage  excava- 
tion performed  during  August  1968.  Total  structure 
excavation  was  78,804  cubic  yards. 

Structural  backfill  against  concrete  structures  was 
placed  between  February  1968  and  May  1969.  Approx- 
imately 59,000  cubic  yards  of  structural  backfill 
material  was  placed.  The  required  95%  relative  com- 
paction was  obtained  using  a  vibratory  compactor  in 
accessible  areas  and  a  one-man  whacker  near  walls  and 
other  confined  areas. 

Pneumatically  Applied  Mortar 

The  excavated  surfaces  of  the  pumping  plant  foun- 
dation were  protected  with  a  2-inch  coating  of 
pneumatically  applied  motor.  The  mortar  was  applied 
the  same  day  as  the  foundation  was  exposed  to  prevent 
slaking  and  was  covered  by  concrete  within  90  days. 

In  one  of  the  bays,  the  "gunite"  mortar  surface 
heaved  as  a  result  of  ground  movements.  Rather  than 
replacing  the  mortar,  it  was  removed  just  prior  to 
placement  of  the  concrete  foundation. 

Concrete  Placement 

In  the  monolithic  reinforced-concrete  structure 
located  below  the  finished  grade  of  the  motor  floor,  a 
total  of  approximately  48,000  cubic  yards  of  concrete 
was  placed  along  with  5,924,507  pounds  of  reinforcing 
bars.  An  additional  4,500  cubic  yards  were  placed  to 
complete  the  structure  when  the  mechanical  and  elec- 
trical equipment  was  installed  under  the  completion 
contract,  Specification  No.  68-45. 

A  50-ton  batch  plant  was  located  about  '/  of  a  mile 
from  the  pumping  plant  site.  End-dump  trucks  were 
modified  to  carry  two  4-cubic-yard  concrete  buckets 
equipped  with  air-operated  discharge  gates.  A  crawler 
crane  with  a  200-foot  boom  was  used  to  place  the  con- 
crete in  the  forms. 

Discharge  Lines 

The  discharge  lines  were  installed  under  two  differ- 
ent contracts.  The  lower  portions,  including  tapers, 
manifolds,  and  encased  portions,  were  installed  under 
Specification  No.  67-47  as  part  of  the  pumping  plant 
contract  (Figure  449).  The  major  portion  of  the  lines, 
outlet  works,  and  siphon  breaker  structure  were  in- 


Aerial    View  of   Discharge  Manifold    and 
Nos.  1  Through  5  in  Place — Buena  Vista 


Discharge    Lines 
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stalled  under  Specification  No.  67-69  as  part  of  the 
downstream  canal  reach  contract  (Figure  450). 

Installation  of  the  taper  sections  was  the  first  work 
completed  on  the  discharge  lines.  The  contractor  had 
rushed  delivery  of  the  taper  sections  to  avoid  setting 
them  into  the  designed  concrete  blockouts  and  the 
attendent  placement  of  concrete  in  confined  areas. 

The  taper  sections  were  coated  with  a  1-foot  strip  of 
coal-tar  epoxy  at  edges  of  concrete  embedments,  there- 
by eliminating  possible  discoloration  on  the  concrete 
walls  and  further  protecting  the  tapers  from  corro- 
sion. 

The  discharge  lines  and  appurtenances  were  sand- 
blasted. The  interior  was  coated  with  coal-tar  epoxv 
and  the  exterior  was  coated  with  inorganic  zinc  sili- 
cate. The  concrete  encasements  proceeded  routinely, 
along  with  the  pumping  plant  substructure  place- 
ments, using  the  same  batch  plant  and  placing  crew. 

Although  many  of  the  pipe  sections  weighed  only 
approximately  10  tons,  a  90-ton-capacity  crane  was 
used  because  of  the  reach  involved. 

After  the  Department  accepted  the  radiographed 
welds,  the  contractor  hydrotested  the  manifold  sec- 
tion. The  test  involved:  ( 1 )  bringing  the  pressures  up 
to  150  psi  and  holding  for  one  hour,  (2)  releasing  the 
pressure,  and  (3)  repressurizing  to  150  psi  and  hold- 
ing for  a  second  hour. 

Hydrotesting  of  the  eight  discharge  lines  was  per- 
formed similarly  following  concrete  encasement  and 
installation  of  the  sleeve-coupling  roll-out  sections. 

Other  Construction 

Other  construction  included  the  pumping  plant 
superstructure,  pumps,  motors,  bridge  crane,  trans- 
formers and  switchyard,  and  control  system.  The 
plant  was  completed  July  1,  1972. 


Figure  450.     Siphon  Outlet  Structure  and  Upper  End  of  Buena 
Vista  Discharge  Lines 


Construction — Wheeler  Ridge  Pumping  Plant 

Contract  Administration 

Numerous  construction  contracts  were  issued  to 
build  this  plant.  Several  of  these  contracts  included 
equipment  for  other  plants.  General  information 
about  the  major  contracts  for  construction  of  this 
plant  is  shown  in  Table  10. 

Preconsolidation 

Preconsolidation  of  subsurface  soils  was  performed 
in  areas  where  facilities  were  constructed  in  cuts  less 
than  100  feet  deep.  Work  performed  under  preconsoli- 
dation contracts  is  described  in  detail  in  Volume  II  of 
this  bulletin. 

Bowl  and  Intake  Channel  Excavation 

Excavation  for  the  bowl  and  intake  channel  began 
in  September  1966  and  was  completed  in  May  1967.  A 
total  of  7,252,000  cubic  yards  of  material  was  excavat- 
ed and  wasted  in  adjacent  spoil  areas.  Twin-engine 
40-cubic-yard  scrapers  loaded  by  large  push  dozers 
were  used  for  excavating  and  hauling  the  material. 
Excavation  slopes  were  finished  by  large  dozers  with 
slope  boards  attached  to  the  dozer  blade.  Some  dif- 
ficulty was  encountered  in  excavating  the  western  end 
of  the  intake  channel  due  to  the  residual  moisture 
from  the  preconsolidation  ponds  in  the  area. 

Dewatering  Operations 

The  drainage  system  for  the  bowl  and  intake  chan- 
nel for  the  plant  consisted  of:  training  dikes,  drainage 
channels,  air-blown-mortar-lined  ditches,  corrugated- 
metal  pipe  culverts,  and  asbestos  cement  pipe  slope 
drains.  The  training  dikes  and  drainage  channels  were 
constructed  in  conjunction  with  the  earthwork  opera- 
tions and^the  culverts  in  conjunction  with  access 
roads.  Surface  runoff  and  cure  water  were  collected  in 
the  main  sump  of  the  plant's  service  bay  and  pumped 
out  of  the  bowl.  Ground  water  was  not  encountered 
during  excavation  so  no  dewatering  was  necessarv  pri- 
or to  construction  of  the  sump. 

Structural  Excavation  and  Backfill 

Excavation  for  the  plant  foundation  was  performed 
during  January  and  February  1968,  except  for  a  3-inch 
layer  left  in  place  until  just  before  the  foundation  was 
coated  with  pneumatically  placed  mortar.  Up  to  six 
tractors  towing  8-cubic-yard  self-loading  scrapers 
were  used  to  do  the  excavation.  Slopes  were  cut  and 
trimmed  with  graders  and  a  dozer.  Excavated  material 
was  stockpiled  in  the  canal  intake  channel  and  adja- 
cent to  the  west  end  of  the  plant  foundation  for  later 
use  as  structural  backfill  (Figure  451).  Excavation  of 
the  pier  foundations  for  the  discharge  lines  was  a 
trenching  operation  using  self-loading  scrapers  that 
excavated  across  the  discharge  alignment  for  a  row  of 
seven  pier  footings. 
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TABLE   10.     Major  Contracts — Wheeler  Ridge  Pumping  Plant 


Specification 


Low  bid 
amount 


Final 
contract  cost 


Total  cost — 
change  orders 


Starting 
date 


Comple- 
tion date 


Prime  contractor 


I        Intake    channels,    Wheeler 
Ridge  and  Wind  Gap 
Pumping  Plants 

Pumps 

Pump  discharge  valves  (in- 
cluding Buena  Vista 
Pumping  Plant) 

Power  transformers  (includ- 
ing Buena  Vista  Pumping 
Plant) .. 

Pumping  plant  and  dis- 
charge Lines 

Bridge  cranes  (including 
Buena  Vista,  Wind  Gap, 
and  Oso  Pumping  Plants) 

Motors 

Power  circuit  breakers  (in- 
cluding Buena  Vista  and 
Wind  Gap  Pumping 
Plants) 

Switchgear  (including  Buena 
Vista  Pumping  Plant) 

Station  service  and  distri- 
bution centers  (including 
Buena  Vista  Pumping 
Plant). 

Completion  contract  (includ 
ing  Wind  Gap  Pumping 
Plant) 


67-19 


P.O.  07119 
67-52 


67-57 
67-64 


67-70 


68-05 


68-10 
68-49 


$4,575,273 
2,297,000 

2,047,609 

726,406 
8,813,241 

423,850 
2,979,726 

409,840 
1,062,100 

194,256 
6,345,852 


$4,842,573 


2,680,000 
(Est.) 


2,330,098 

865,963 
9,077,702 

453,676 
3,546,168 

437,204 

1,224,887 

212,506 
7,740,917 


$10,505 
— 134" 

9,465 

432 
122,296 

10,622 
36,252 

2,701 
99,003 

7,496 
1,006,173 


4/  5/66 
6/  5/67 

9/13/67 

8/  7/67 
11/17/67 

12/13/67 
2/26/68 

12/29/67 
5/  2/68 

3/  7/68 
4/  1/69 


8/31/67 


12/74 
(Est.) 


1/26/71 

3/28/72 
10/31/69 

10/13/69 
8/26/72 


6/24/71 
5/  4/71 


6/23/71 
2/  6/73 


Gordon  H.  Ball  Enter- 
prises &  Altfillisch- 
Fulton  Co. 

Allis-Chalmers  Mfg.  Co. 


Yuba  Industries,  Inc. 


General  Electric  Co. 

Al  Johnson  Construction 
Co. 


Crane  Hoist  Engineering 

&  Mfg.  Co. 
Westinghouse  Electric 

Corp. 


Westinghouse  Electric 
Corp. 

Golden  Gate  Switchboard 
Co. 


Allis-Chalmers  Mfg.  Co. 


Wismer   &   Becker  Con- 
tracting Engineers 


'  As  of  November  1974 


Figure  451. 


View  Across  Wheeler   Ridge   Plant   Foundation   Area   With 
Service  Bay  on  Left 


Excavation  for  the  encased  portion  of  the  discharge 
lines  was  performed  from  September  to  November 
1968,  with  the  excavated  material  used  as  backfill 
around  the  plant. 

Pneumatically  Applied  Mortar 

A  layer  of  mortar  (shotcrete)  was  applied  on  all 
load  bearing  surfaces  of  the  foundation  excavation.  It 
was  applied  immediately  after  completing  the  excava- 
tion to  protect  the  surfaces  until  they  were  covered  by 
structural  and  backfill  concrete  (Figure  452). 

Concrete  Placement 

The  portable  batch  plant  had  a  rated  capacity  of  65 
cubic  yards  per  hour.  Aggregates  were  delivered  to 
the  plant  by  the  20-cubic-yard,  end-dump,  semitruck 
and  trailers.  Aggregates  were  separated  into  three 
sizes — 2-inch,  1-inch,  and  No.  5  sieve — by  a  horizon- 
tal, vibrating,  finish  screen.  Concrete  was  mixed  and 
discharged  from  the  batch  plant  into  a  10-cubic-yard 
tilting-drum  agitator  mounted  on  a  ten-wheel  truck, 
then  transported  to  the  placement  location  and  trans- 
ferred directly  into  the  placing  bucket. 


391 


Figure  452. 


Shotcrete     Equipment    Working    on     Upstream     Slopes    of 
Pumping  Plant  Excavation — Wheeler  Ridge 


Concrete  operations  were  directed  toward  reload- 
ing the  foundation  as  soon  as  practical  after  excavation 
was  completed.  The  service  bay  concrete  was  placed 
first  up  to  elevation  477  feet  followed  by  placement  for 
the  unit  bays.  All  placements  were  limited  by  the 
specifications  to  a  maximum  of  20-foot  lifts. 

Suction  intake  forms  were  constructed  of  wood  and 
coated  with  a  single-component  fast-setting  film  (Fig- 
ure 453). 

The  concrete  work  in  the  plant  was  completed  in 
May  1969.  Miscellaneous  items,  including  transformer 
pads,  crane  stops,  rail  embedment,  and  grouting,  were 
completed  shortly  thereafter. 

Discharge  Lines 

In  October  1968,  the  subcontractor  for  the  dis- 
charge lines  began  to  set  pipe  support  trunnions  in 
place  on  the  previously  installed  concrete  piers.  A  1 30- 
ton-capacity  crane  was  used  to  set  the  pipe  sections  in 
place.  Installation  of  the  pipe  sections,  as  well  as  the 
trunnions,  proceeded  from  the  top  of  the  slope  down 
to  the  Pumping  Plant.  After  placing  a  section  of  each 
of  the  seven  discharge  lines  (109-inch  diameter),  the 
crane  moved  downhill  to  the  next  row  of  pipe  sec- 
tions. As  many  as  24  pipe  sections  were  set  per  shift 
(Figures  454  and  455). 

Pipefitters  started  aligning  the  pipe  sections  to  line 
and  grade  in  November  1968.  The  sections  were  then 
welded  and  radiographed,  starting  with  sections  to  be 
embedded  in  concrete.  Truing  out-of-round  pipe  ends 


was  accomplished  using  a  fabricated  eight-leg  "spi- 
der". 

Prior  to  concrete  embedment,  all  tapers  were 
rounded  out  to  a  '/-inch  tolerance  followed  by  installa- 
tion of  roll-out  sections.  The  roll-out  sections  sagged 
from  Y2  to  yg  inches  after  the  lines  were  filled  with 
water  and  the  cribbing  was  removed.  Disassembly  and 
reinstallation  of  the  couplings  at  the  roll-outs  only 
lessened  the  sagging.  Therefore,  six  109-inch-diameter 
and  three  79-inch-diameter  coupling  spool  support 
,  systems  were  furnished  and  installed  under  a  later 
contract. 

The  roll-out  section  interiors  were  sandblasted  and 
coated  with  coal-tar  epoxy;  all  exterior  sections  were 
sandblasted  and  coated  with  inorganic  zinc  silicate. 

Other  Construction 

Second-stage  concrete  and  embedment  of  pump 
scroll  cases  in  concrete  were  accomplished  under  the 
completion  contract,  Specification  No.  68-49,  as  well 
as  the  installation  of  much  of  the  piping,  wiring, 
drainage  pumps,  compressors,  water  and  sewage  treat- 
ment plants,  air  conditioning,  interior  finishing,  and 
yard  paving.  The  work  on  the  completion  contract, 
Specification  No.  68-49,  was  physically  completed  on 
February  6,  1973,  and  the  contract  was  accepted  on 
February  9,  1973. 

The  computer  control  system,  an  important  part  of 
this  plant,  is  described  in  Volume  V  of  this  bulletin. 
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igure  454.     Discharge  Line  Manifold  for  Wheeler  Ridge  During  Hydrostatic  Testing 


^^ 


fe       ^ 


Figure  455.     View  of  Partially  Constructed  Plant — Wheeler  Ridge 
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The  following  engineering  drawings  may  be  found  in  consecutive  order  im- 
mediately after  this  reference  (Figures  456  through  491). 
Figure 
Number 

456  General  Plan — Buena  Vista 

457  Structural  Design  Data — Buena  Vista 

458  Plan  at  Elevation  304.0 — Buena  Vista 

459  Plan  at  Elevation  304.0 — Buena  Vista 

460  Plan  at  Elevation  290.0 — Buena  Vista 

461  Plan  at  Elevation  290.0 — Buena  Vista 

462  Plan  at  Elevation  277.5 — Buena  Vista 

463  Plan  at  Elevation  277.5 — Buena  Vista 

464  Transverse  Sections — Buena  Vista 

465  Longitudinal  Section  Units  Nos.  1  through  5 — Buena  Vista 

466  Longitudinal  Section  Units  Nos.  6  through  10 — Buena  Vista 

467  General  Plan — Wheeler  Ridge 

468  Discharge  Lines — Plan  and  Elevation — Wheeler  Ridge 

469  Discharge  Line  Profiles — Wheeler  Ridge 

470  Discharge  Line  Manifold — Wheeler  Ridge 

471  Compressed  Air  System 

472  Water  System — Service  Bay 

473  Water  System — Units  Nos.  1  through  10 

474  Carbon  Dioxide  Fire-Protection  System 

475  Lubrication  Oil  System 

476  Dewatering  and  Pressure  Drainage 

477  Motor  Cooling  Water  System 

478  Pumping  Unit  Air  System 

479  Pumping  Unit  Water  System 

480  Air,  Oil,  and  Water  Piping 

481  Piezometer  Piping — Details 

482  Piezometer  Piping— Transverse  Sections 

483  Siphon  Control  System — Mechanical 

484  Single-Line  Diagram — Unit  No.  1 — Buena  Vista 

485  Single-Line  Diagram — Units  Nos.  2  through  9 — Buena  Vista 

486  230-kV  Switchyard 

487  Bus  Duct 

488  Switchgear 

489  Station  Service 

490  Cable  Trays 

491  Direct-Current  System 
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Figure  456.     General  Plan — Buena  Vista 


396 


:t= 


7  ii 


± 


[  J 


t~t* 


-,    HI  «-    .  c  » 


** 


|W 


r^ 


-G 


I    I 


i!  I 


Figure  457.     Structural  Design  Data — Buena  Vista 
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Figure  458.      Plan  at  Elevation  304.0 — Buena  Vista 
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Figure  459.     Plan  at  Elevation  304.0 — Buena  Vista 
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Figure  460.     Plon  at  Elevation  290.0 — Buena  Vista 
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Figure  461.     Plan  at  Elevation  290.0 — Buena  Vista 
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Figure  462.      Plan  at  Elevation  277.5 — Buena  Vista 
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Figure  463.      Plan  at  Elevation  277.5 — Buena  Vista 
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Figure   464.      Transverse  Sections — Buena  Vista 


404 


Figure  465.      Longitudinal  Section  Units  Nos.  1  Through  5 — Buena  Vista 
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Figure   466.      Longitudinal  Section  Units  Nos.  6  Through   10 — Buena  Vista 
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Figure  467.     General  Plan— Wheeler  Ridge 
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Figure   468.      Discharge  Lines— Plan  and  Elevation— Wheeler  Ridg 


408 


Figure  469.      Discharge  Line  Profiles — Wheeler  R 
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Figure   470.      Discharge  Line  Manifold— Wheeler  R 


410 


Figure   471.      Compressed  Air  Syste 
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Figure  472.      Water  System — Service  Bay 
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Figure  473.     Water  System — Units  Nos.  1  Through  10 
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Figure   474.     Carbon  Dioxide  Fire-Protection  Systen 
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Figure  475.      Lubrication  Oil  Syste 
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Figure  476.     Dewotering  ond  Pressure  Drainoge 
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Figure  477.      Motor  Cooling  Water  Syste 
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Figure  478.     Pumping  Unit  Air  System 
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Figure  479.     Pumping  Unit  Water  Systen 
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Figure  480.      Air,  Oil,  and  Water  Piping 
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Figure  481.     Piezometer  Piping — Details 


421 


Figure  482.      Piezometer  Piping — Transverse  Sections 
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Figure  483.     Siphon  Control  System — Mechanical 
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Figure  484.     Single-Line  Diagram — Unit  No.  1 — Buena  Vista 
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Figure  485.      Single-Line  Diagram — Units  Nos.  2  Through  9— Buena  Vista 
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Figure  486.     230-kV  Switchyard 
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Figure  487.     Bus  Duct 
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Figure  488.     Switchgeor 
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Figure  489.     Station  Service 
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Figure  490.     Cable  Trays 
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Figure  491.     Direct-Current  System 
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Figure  492.     Location  Map— Wind  Gap  Pumping  Plant 
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CHAPTER  XII.     WIND  GAP  PUMPING  PLANT 


General 

Location 

Wind  Gap  Pumping  Plant  is  located  approximately 
24  miles  south  of  Bakersfield.  It  is  west  of  U.S.  High- 
way 99  and  south  of  Interstate  Highway  5,  about  4 
miles  south  of  the  community  of  Mettler.  Access  to  the 
plant  is  from  an  extension  of  Sabodan  Road,  a  county 
road  running  south  from  State  Highway  166. 

The  plant  is  approximately  1.6  miles  downstream 
from  Wheeler  Ridge  Pumping  Plant  (Figures  492  and 
493). 

Purpose 

Wind  Gap  Pumping  Plant  is  an  "in-line"  plant 
located  in  the  South  San  Joaquin  Division  of  the  Cali- 
fornia Aqueduct. 

Water  discharged  from  this  plant  flows  by  gravity 
to  the  A.  D.  Edmonston  Pumping  Plant. The  normal 
static  lift  is  518  feet. 

Description 

This  plant  (Figures  494  and  495)  is  constructed  in 


a  deep  bowl,  the  bottom  of  which  was  excavated  ap- 
proximately 1 10  feet  below  original  ground  level.  The 
excavation  is  approximately  640  feet  wide  and  530  feet 
long  at  the  bottom. 

Wind  Gap  Pumping  Plant  facilities  consist  of  the 
plant  structure;  nine  pumping  units;  a  230-kV  switch- 
yard; a  transformer  yard;  three  12-foot  -  6-inch-diame- 
ter  and  one  9-foot  -  6-inch-diameter  steel  discharge 
lines  aboveground,  approximately  2,000  feet  in  length; 
and  a  siphon  outlet  structure. 

The  total  design  flow  of  the  facility  is  4,410  cubic 
feet  per  second  (cfs).  Six  pumping  units  are  rated  630 
cfs  at  524  feet  of  head,  and  three  units  are  rated  3 1 5  cfs 
at  524  feet  of  head.  One  315-cfs  unit  is  used  as  a  stand- 
by. 

The  three  smaller  units  discharge  into  a  concrete- 
encased  steel  manifold  and  a  single  9-foot  -  6-inch-di- 
ameter discharge  line.  The  six  630-cfs  units  discharge 
through  three  12-foot  -  6-inch  discharge  lines.  Two 
units  are  connected  by  a  wye  manifold  to  each  dis- 
charge line. 


■■ 


Figure  493.     Aerial  View — Wind  Gap  Pumping  Plant 
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Figure   495.      Interior  View 


The  plant  is  equipped  with  a  100-ton-capacity,  in- 
door, bridge  crane  for  assembly  and  maintenance  of 
pumping  units  and  associated  equipment;  a  50-ton- 
capacity,  outdoor,  traveling,  gantry  crane  for  assem- 
bly and  maintenance  of  spherical  discharge  valves; 
and  a  10-ton-capacity,  outdoor,  traveling,  gantry  crane 
for  installation  and  removal  of  intake  gates.  The  trash- 
racks  may  be  installed  and  removed  by  portable  truck- 
mounted  cranes. 

Representative  drawings  are  included  at  the  end  of 
this  chapter. 

Geology 
Areal  Geology 

Wheeler  Ridge  anticline  on  the  north  flank  of  the 
San  Emigdio  Mountains  is  a  complex  structure  of  in- 
tensely folded  and  faulted,  consolidated,  sedimentary 
deposits  of  Tertiary  Age.  A  combination  of  sedimen- 
tary rock,  steep  gradients,  high-intensity  runoff,  and 
sparse  vegetation  has  resulted  in  the  erosion  of  deep 
gullies  and  the  formation  of  large  coalescing  alluvial 
fans. 

Site  Geology 

The  plant  was  constructed  on  the  alluvial  fan  abut- 
ting the  northeast  flank  of  Wheeler  Ridge,  an  asym- 
metrical anticline  plunging  both  east  and  west  with  a 
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steep  northeastern  dip.  Flanking  Wheeler  Ridge  at  the 
Wheeler  Ridge  thrust  fault  are  the  coalescing  recent 
alluvial  fans  that  overlay  the  Tertiary  Tulare  forma- 
tion. Alluvial  fans  are  nearly  flat-lying  deposits  of 
sandy  clay  and  silty  sand  with  lenses  of  poorly  graded 
sand  and  gravel.  Tulare  formation  is  a  consolidated, 
interbedded,  silty  sand,  silty-gravelly  sand,  silt,  and 
clay,  intensely  folded  and  faulted. 

The  plant  is  adjacent  to  the  surface-projected  trace 
of  the  Wheeler  Ridge  thrust  fault.  Plant  discharge 
lines  cross  the  thrust  fault  and  extend  through  a  gap 
in  the  anticline,  an  erosional  remnant  of  the  past 
drainage  pattern.  Anchor  blocks  and  pier  supports  are 
founded  on  both  alluvial  deposits  and  the  Tulare  for- 
mation. 

Geologic  Exploration 

A  48-inch-diameter  inspection  hole  was  drilled  to 
elevation  650  feet  within  the  plant  bowl.  A  man-cage 
was  used  to  inspect  the  foundation  and  retrieve  in- 
place  side-wall  samples.  Design  exploration  included 
rotary  drilling,  auger  drilling,  and  trenching. 

Instrumentation 

Slope  indicators  and  rebound  gauges  were  installed 
and  monitored  during  construction.  No  significant 
movements  were  noted. 

Seismicity 

Wind  Gap  Pumping  Plant  is  in  an  area  of  major 
seismic  activity.  The  projected  trace  of  the  Wheeler 
Ridge  thrust  fault  is  immediately  south  of  the  plant 
and  is  crossed  by  the  discharge  lines.  The  projected 
trace  of  the  White  Wolf  fault  is  north  of  the  plant,  and 
the  Pleito  fault  extends  through  the  San  Emigdio 
Mountains  south  of  the  plant. 

All  faults  in  the  area  are  considered  active.  The 
main  shock  of  the  1952  White  Wolf  fault  movement 
(7.7  Richter  magnitude)  originated  in  the  vicinity  of 
Wheeler  Ridge.  On  May  27,  1964,  the  Consulting 
Board  for  Earthquake  Analysis,  responding  to  a  ques- 
tion from  the  Department  of  Water  Resources,  stated 
"We  consider  it  unlikely  that  there  will  be  any  signifi- 
cant fault  displacements  during  the  life  of  the  struc- 
tures." 

Civil  Features 

Preliminary  Studies 

The  plant  location  was  controlled  by  the  canal 
alignment  upstream  and  a  low  saddle  in  the  Wheeler 
Ridge  Hills.  The  exact  location  of  the  plant  was  deter- 
mined by  economic  studies  of  costs  of  the  discharge 
line  and  head-loss  costs  versus  cost  of  bowl  excavation. 

The  design  and  specifications  of  Wind  Gap  Pump- 
ing Plant  were  prepared  under  contract  by  Interna- 
tional Engineering  Company,  Inc.  of  San  Francisco. 
This  contract  included  design  of  the  intake  transition, 


plant  structure,  pumping  equipment,  appurtenances, 
and  discharge  lines.  The  Department  established  cri- 
teria and  reviewed  and  approved  all  designs  and 
specifications  prior  to  construction. 

Site  Development 

Initial  bowl  excavation  for  Wind  Gap  Pumping 
Plant  was  done  separately  from  the  plant  construction 
contract.  The  floor  of  the  bowl  is  approximately  110 
feet  below  original  ground  at  the  plant  site.  Side  slopes 
are  3:1  with  a  20-foot  berm  at  40-foot  vertical  intervals. 
The  bottom  of  the  bowl  excavation  is  roughly  rectan- 
gular, approximately  530  feet  long  parallel  to  flow, 
and  640  feet  wide. 

Drainage  from  slopes  is  collected  on  berms  and  con- 
veyed by  pipe  downdrains  to  a  perimeter  ditch  at  the 
bottom  of  the  bowl.  The  perimeter  ditch  discharges 
through  culverts  into  the  forebay.  Drainage  from  the 
cut  for  the  discharge  line  is  collected  and  drained  into 
the  forebay  by  means  of  two  48-inch,  asbestos-bonded, 
asphalt-dipped,  corrugated-metal  pipes. 

Plant  Structure 

The  plant  arrangement  is  basically  the  same  as 
other  pumping  plants  in  the  system,  except  the  valve 
gallery  is  not  enclosed  within  the  superstructure. 
Valves  are  located  under  the  downstream  deck  and  are 
serviced  through  a  hatch  system  using  a  50-ton  gantry 
crane.  The  valve  deck  was  constructed  using  a  water- 
proof membrane  embedded  in  the  concrete  slab. 

The  plant  is  divided  into  five  structural  bays  sepa- 
rated by  expansion-contraction  joints: 

Bay  No.  1 — Plant  service  area 

Bay  No.  2 — Three  315-cfs  pumping  units 

Bays  Nos.  3, 4,  and  5 — Two  630-cfs  pump  units  each 

The  plant  is  founded  on  Recent  alluvium  that  has 
been  deposited  over  the  Tulare  formation  at  the 
Wheeler  Ridge  thrust  fault.  The  unified  soil  classifica- 
tion is  basically  SM  and  SP  and  is  generally  nonplas- 
tic.  Maximum  design  foundation  loading  was  5  tons 
per  square  foot. 

Final  foundation  excavation  for  the  Pumping  Plant 
was  protected  with  a  2-inch-thick  coating  of  pneu- 
matically applied  concrete  to  control  air  slaking  of  the 
foundation  surface. 

Since  the  water  table  in  the  area  is  about  300  feet 
below  plant  foundation  and  the  soil  is  sufficiently  per- 
vious to  drain  canal  seepage,  hydrostatic  uplift  pres- 
sures were  not  included  in  the  plant  stability  analysis. 

Shear  keys  are  provided  between  all  bays  to  help 
prevent  differential  movements  between  bays  during 
earthquakes.  A  contraction  joint  is  used  below  eleva- 
tions 697.5  and  680.0  feet. 

Exterior  walls  are  designed  to  withstand  "at  rest" 
soil  pressures  and  earthquake  pressure  using  the 
Mononobe-Okabe  formula.  The  equivalent  hydrostat- 
ic pressure  is  computed  to  be  81  pounds  per  cubic  foot. 
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Other  design  live  loads  are  listed  below. 


Location 

Live  Load 
(psf) 

Special  Loading 
(Estimated) 

Roof 

25 
1,000 

1,000 

soo 

300 

300 
300 
300 
150 
100 

ton 

Transformer  Deck 

Intake  Bulkhead  Deck 

Mechanical,  Electrical,  and 
Pipe  Gallery  Floors 

Transformer    125-ton 

and     50-ton     valve 

gantry 
Gantry    crane    10-ton 

capacity     or     H-20 

truck 

Coupling  Chamber  Floor. 

Plant  Bridge  Crane 

Capacity  100-ton 

1964  Uniform  Build- 
ing Code 

Earthquake  loads  are  carried  through  the  floor  slab 
diaphragms  and  end  shear  walls  to  the  foundation. 

On  the  south  side  of  the  plant,  a  special  coupling 
chamber  has  been  provided  to  protect  the  Pumping 
Plant  if  there  is  a  break  in  the  discharge  lines.  This 
chamber,  isolated  from  the  rest  of  the  plant  by  water- 
tight doors,  is  a  continuous  gallery  with  a  riser  shaft 
at  the  west  end.  A  discharge  culvert  around  the  west 
side  of  the  building  empties  into  the  forebay.  A  flap 
gate  prevents  wave  action  from  spilling  water  into  the 
culvert. 

Waterways 

Intake  Facilities.  The  287-foot-long  intake  transi- 
tion widens  from  a  canal  bottom  width  of  24  feet  to 
295  feet  at  the  face  of  the  plant.  The  walls  are  on  a  2:1 
slope  until  they  intersect  vertical  retaining  walls  ex- 
tending from  the  plant. 

The  water  table  in  the  area  is  about  300  feet  below 
plant  foundation.  Permeability  measurements  indi- 
cate the  soil  is  sufficiently  pervious  to  permit  canal 
seepage  to  drain  to  the  water  table;  therefore,  the  in- 
take transition  has  an  underdrain  system  to  remove 
seepage  water  from  behind  the  walls.  The  walls  were 
not  designed  to  resist  the  hydrostatic  head  caused  by 
a  rapid  drawdown. 

Each  suction  tube  intake  opening  is  equipped  with 
a  steel  trashrack.  Steel  intake  gates  have  been  provided 
so  each  unit  can  be  dewatered  for  servicing.  Three 
gates  have  been  furnished  for  the  small  units  and  four 
gates  for  the  large  units. 

Pump  Discharge  Lines.  The  nine  pumps  at  this 
plant  lift  water  to  a  canal  section  on  top  of  Wind  Gap 
through  four  parallel,  ring-girder-supported,  steel, 
discharge  lines.  Three  large  lines  have  a  diameter  of  12 
feet  -  6  inches,  and  one  smaller  line  has  a  diameter  of 
9  feet  -  6  inches.  All  discharge  lines  are  approximately 


2,060  feet  long  from  manifolds  to  outlet  structure,  and 
the  first  200  feet  downstream  of  the  manifold  junc- 
tions is  buried.  Discharge  from  pumping  Units  Nos. 
1,  2,  and  3  combines  in  the  small  line  to  flow  at  945  cfs. 
The  discharge  from  pairs  of  Units  Nos.  4-5,  6-7,  and 
8-9  combines  in  the  large  pipes  to  flow  at  1,260  cfs. 
Manifolds  and  main  discharge  lines  were  designed  for 
a  maximum  dynamic  head  of  700  feet  of  water  at  the 
plant,  33%  of  which  is  due  to  hydraulic  transients. 

The  main  features  of  the  pump  discharge  lines  are 
the  manifolds,  main  lines,  and  siphon  outlet. 

Manifolds.  The  manifold  sections  extend  from  the 
pump  discharge  valves  to  the  end  of  the  concrete  en- 
casements and  include  valve  tapers,  articulation  sec- 
tions, wye  branches,  and  concrete-encased  piping. 
Steel  used  in  the  manifolds  is  the  same  type  used  in  the 
discharge  lines.  Steel-plate  thickness  for  the  pipe  shell 
varies  from  %  to  l'/2  inches,  and  manifold  reinforcing 
rings  range  from  2  to  4  inches  thick. 

Articulation  between  each  valve  taper  and  mani- 
fold, as  described  in  Chapter  I  of  this  volume,  is  pro- 
vided by  a  short  section  of  pipe  supported  between  a 
pair  of  sleeve-type  couplings. 

Downstream  of  the  articulation  sections,  the  piping 
is  manifolded.  Manifolds,  including  the  combined 
bends  downstream  of  wye  branches,  are  encased  in 
reinforced  concrete.  Typical  manifolds  and  encase- 
ment are  described  in  Chapter  I  of  this  volume. 

Main  Discharge  Lines.  The  main  lines  are  welded 
steel  pipes  fabricated  from  heat-treated,  manganese- 
silicon,  steel  plate  of  firebox  quality.  This  steel  is  the 
same  as  that  used  in  A.  D.  Edmonston  Pumping  Plant 
discharge  lines  and  has  properties  similar  to  ASTM 
A537,  Grade  A  steel. 

Plate  thickness  on  the  small  pipes  varies  from  %  to 
Y4  inch  and,  on  large  pipes,  it  varies  from  7/16  to  l'/6 
inches. 

The  stiffener  rings  on  the  pipe  shell  are  made  of 
ASTM  A36  steel.  On  the  buried  pipe,  they  resist  earth 
loads  and  keep  the  pipe  round.  Stiffeners  on  the  above- 
ground  line  modify  the  resonant  frequency  of  the 
pipes  to  reduce  vibration.  Stiffener  rings  on  above- 
ground  pipes  are  spaced  on  10-foot  centers  and  are 
fabricated  from  plate.  On  the  buried  pipes,  they  are  on 
5-foot  centers  and  consist  of  rolled  structural  tees.  The 
200  feet  of  pipe  in  each  line  downstream  of  the  mani- 
folds is  bedded  on  consolidated  pervious  backfill 
which  extends  from  an  18-inch  depth  below  pipe  in- 
vert up  to  a  120-degree  bedding  angle.  Backfill  from 
the  consolidated  material  up  to  grade  is  compacted 
selected  material. 

In  the  remaining  1,800  feet  of  the  discharge  lines, 
the  four  pipes  are  supported  on  ring  girders  resting  on 
concrete  piers  with  an  average  spacing  between  piers 
of  40  feet.  The  pipe  is  on  a  relatively  steep  slope,  which 
begins  at  22%  and  increases  to  40%.  Large  anchor 
blocks  tie  the  pipes  together  at  intervals  of  approxi- 
mately 300  feet  (Figure  496).  Each  pipe  has  an  expan- 
sion joint  located  approximately  20  feet  below  each 
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anchor  to  allow  for  temperature  changes  and  other 
minor  longitudinal  movements. 

Normal  seismic  loads  were  considered  during  de- 
sign of  the  supports  but  this  condition  did  not  govern. 

Siphon  Outlet.  The  siphon  outlet  structure  is  a 
typical,  steel-lined,  reinforced-concrete  structure,  as 
described  in  Chapter  I  of  this  volume.  This  four-barrel 
structure  has  invert  crests  above  the  canal  water  sur- 
face elevation.  Under  normal  and  emergency  dewater- 
ing  conditions,  backflow  from  the  canal  to  each 
discharge  line  is  prevented  by  the  action  of  a  siphon 
breaker  valve  which  allows  air  (at  atmospheric  pres- 
sure) to  enter  the  structure  at  each  siphon  crest. 

Mechanical  Features 

General 

The  mechanical  installation  includes  nine  pumps 
and  pump  discharge  valves,  three  equipment-handling 
cranes,  and  auxiliary  equipment. 

Chapter  I  of  this  volume  contains  information  on 
mechanical  equipment  which  is  common  to  all  plants. 
Information  and  descriptions  which  are  unique  to  this 


plant  are  included  in  the  following: 


quipment  Ratings 
Pumps 

Manufacturer:     Allis-Chalmers 

Manufacturin 

Co. 

Type:  Vertical-shaft,  single-stage 
Pumps  Nos.  1,  2,  and  3 
Discharge,  each: 

centrifugal 
315  cfs 

Total  Head: 

524  feet 

Speed: 

Guaranteed  Efficiency: 

514  rpm 
91.5% 

Minimum  Submergence  at 
Pump  Centerline: 

30  feet 

Pumps  Nos.  4  through  9 
Discharge,  each: 
Total  Head: 

630  cfs 
524  feet 

Speed: 

Guaranteed  Efficiency: 

360  rpm 

92.0% 

Minimum  Submergence  at 
Pump  Centerline: 

30  feet 

Pump  Discharge  Valves 

Manufacturer:    Baldwin-Lima-Hamilton  Corp. 
Type:     Units  Nos.  1,  2,  and  3 — 48-inch,  double- 
seated,  spherical 
Units  Nos.  4  through  9 — 66-inch,  double- 
seated,  spherical 

Cranes 

100-Ton  Bridge  Crane 
Manufacturer:     Crane  Hoist  Engineering  and 
Manufacturing  Co. 
50-Ton  and  10-Ton  Outdoor  Gantry  Crane 
Manufacturer:    Broad  line  Corp. 

Pumps 

Pumps  are  vertical-shaft,  single-stage,  diffuser  cas- 
ing, centrifugal  type,  directly  connected  to  synchro- 
nous motors.  All  pumps  rotate  counterclockwise  as 
viewed  from  above  (Figures  497  and  498). 


Figure  497.     Partial  Shop  Assembly  of  Pump 


Figure  498.     Pump  Shaft  Gallery 
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Figure  499.     Pump  Impeller  and  Shaft 


Figure  500.     Valve  Body  Casting 


Figure  501.     Shop-Assembled  Spherical  Valve 


Casings  are  embedded  in  the  concrete  substructure 
of  the  plant.  The  pump  impeller,  shaft,  guide  bearing 
and  housing,  top  casing  cover,  and  wearing  rings  are 
all  removable  from  above,  after  the  motor  rotor  is 
removed.  Hydraulic  thrust  and  the  weight  of  the 
rotating  parts  are  carried  by  a  thrust  bearing  in  the 
motor. 

The  impellers  are  one-piece,  enclosed,  single-suc- 
tion type,  fabricated  from  annealed  cast  steel  (Figure 
499).  The  impellers  have  corrosion-resistant,  steel 
(modified  AISI-422),  wearing  rings.  Areas  on  the  im- 
peller vanes  that  are  susceptible  to  cavitation  are  over- 
lain with  stainless  steel. 

Removable  and  renewable  wearing  rings  are  located 
in  suction  and  casing  covers  opposite  the  wearing 
rings  on  the  impeller  crown  and  band  and  made  of 
AISI-422  stainless  steel. 

The  pump  guide  bearing  is  the  babbitted  type  with 
a  self-lubricating  oil  system. 

Pump  Start-Up 

Initially,  the  pump  start-up  procedure  was  designed 
to  reduce  the  starting  load  on  the  motor  by  depressing 
water  in  the  pump  case  below  the  impeller  before 
closing  the  motor  breaker  and  synchronizing.  After 
synchronizing,  air  in  the  pump  case  was  to  be  bled  off 
through  an  air  vent  (located  on  top  of  the  pump  case 
extension)  to  allow  the  water  to  fill  the  case  and  prime 
the  pump  before  opening  the  pump  discharge  valve 
for  the  pumping  mode. 

This  method  resulted  in  violent  lifting  of  the  rotat- 
ing parts  when  water  in  the  pump  case  reached  the 
impeller.  Also  at  shutoff  head,  before  the  discharge 
valve  was  opened,  the  rotating  parts  were  floating  off 
the  motor  thrust  bearing.  Many  field  tests  were  made 
to  develop  a  solution  to  eliminate  these  unacceptable 
conditions.  Before  testing,  a  thrust  collar  was  installed 
in  the  motor  below  the  exciter  to  limit  the  amount  of 
uplift  and  lessen  the  possibility  of  damage  to  the  ma- 
chinery. 

A  procedure  was  developed  where  water  from  the 
discharge  line  is  introduced  into  the  pump  extension 
piece  to  fill  the  pump  case  before  venting  the  air 
through  the  air  release.  This  "backfilling"  requires 
approximately  one  minute.  Concurrently  with  back- 
filling, air  from  the  pump  case  is  vented  to  atmosphere 
from  a  point  below  the  impeller  eve.  This  method  of 
filling  the  pump  results  in  a  condition  where  the  im- 
peller essentially  is  spinning  in  a  bubble  of  air,  which 
minimizes  the  momentum  effect  of  the  entering  wa- 
ter. After  backfilling  for  one  minute,  the  air  release 
valve  is  opened  to  allow  the  water  to  enter  the  pump 
and  prime.  After  priming,  the  discharge  valve  is 
opened  and  pumping  commences.  This  backfilling 
process  is  being  incorporated  into  the  automatic  start- 
up procedures. 

This  procedure  eliminated  violent  uplifting  of  the 
rotating  parts.  However,  after  priming  and  operating 
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at  shutoff  head,  the  rotating  parts  were  still  floating, 
indicating  that  a  higher  pressure  existed  below  the 
impeller  than  on  top  of  the  impeller.  To  lessen  the 
pressure  differential,  a  pipe  connecting  the  top  pump 
cover  with  the  bottom  cover  outside  of  the  wearing 
rings  was  installed.  This  modification  eliminated 
floating  of  the  rotating  parts  at  shutoff  head.  Since  the 
pump  was  embedded  in  concrete,  it  was  necessary  to 
core  drill  through  several  feet  of  concrete  for  the  mod- 
ification. 

Pump  Discharge  Valves 

A  double-seated  spherical  valve  was  installed  on  the 
discharge  side  of  each  pump.  The  valves  are  used  as 
shutoffs  to  prevent  backflow  through  the  units  when 
they  are  stopped  and  to  isolate  each  pump  from  its 
discharge  line  for  inspection  and  maintenance  (Fig- 
ures 500  and  501). 

Units  Nos.  1,  2,  and  3  have  48-inch-diameter  valves, 
each  weighing  approximately  50,100  pounds,  and 
Units  Nos.  4  through  9  have  66-inch-diameter  valves, 
each  weighing  approximately  77,000  pounds. 

The  operating  mechanism  for  each  valve  is  basically 
composed  of  an  operating  cylinder  with  a  piston  and 
piston  rod,  operating  lever,  and  locking  device.  The 
cylinder  is  double-acting,  with  the  control  system  set 
up  to  simultaneously  vent  one  side  of  the  cylinder  to 
the  oil  sump  tank  and  allow  oil  to  enter  the  other  side 
under  high  pressure  from  the  accumulator  tank.  Rate 
of  valve  movement  is  controlled  by  a  metering  valve 
on  the  discharge  side  of  the  cylinder. 

Each  valve  plug  is  rotated  by  its  individual  hydrau- 
lic system,  pressurized  by  an  air-over-oil  accumulator. 
Each  system,  operating  at  a  nominal  pressure  of  500 
pounds  per  square  inch  (psi),  is  capable  of  one  open- 
ing cycle  and  two  closing  cycles,  after  which  the  sys- 
tem pressure  drops  to  375  psi. 

Equipment  in  each  system  includes  an  oil  accumula- 
tor; oil  sump  tank  and  pumps;  air  compressor;  direc- 
tional and  flow  control  valves;  hydraulic  control 
panel;  valve  control  center;  and  necessary  piping,  wir- 
ing, and  instruments  (Figure  502).  The  air  compres- 
sor and  two  hydraulic  oil  pumps  supply  air  and 
hydraulic  fluid,  respectively,  to  the  accumulator.  The 
compressor  and  pumps  normally  are  operated  au- 
tomatically but  can  be  operated  manually  from  the 
valve  control  center. 

Valve  seats  are  oil-operated  and  are  located  up- 
stream and  downstream  of  the  transverse  valve  center- 
line.  Seals  are  so  arranged  that  either  the  upstream  or 
downstream  ring  can  be  moved  independently.  The 
upstream  seat  is  used  as  an  operating  seat,  and  the 
downstream  seat  is  maintained  in  the  open  position 
and  used  as  a  shutoff  valve  when  maintenance  is  re- 
quired on  the  operating  seat  or  on  the  pumps. 

The  pump  discharge  valve  is  operated  only  in  the 
fully  open  position  during  normal  pumping.  Opening 
and  closing  of  the  valve  is  controlled  by  a  mechanical- 
electrical  sequencer  using  cam-operated  switches  and 


hydraulic  valves.  Cams  are  mounted  on  a  shaft  which 
is  driven  by  a  125-volt  direct-current  motor.  The  mo- 
tor is  controlled  by  a  reversing  starter  whose  forward 
and  reverse  contactors  are  energized  and  deenergized 
by  plug  and  seat-limit  switches  and  the  cam-actuated 
switches  mentioned  above. 

Valves  will  open  or  close  at  an  approximately  uni- 
form rate,  with  the  closing  times  being  equal  for  nor- 
mal or  emergency  conditions. 

Equipment  Handling — Cranes 

Assembly  and  maintenance  of  major  pumping  plant 
equipment,  including  pumps  and  motors,  is  by  a  100- 
ton,  indoor,  bridge  crane  (Figure  503).  A  50-ton,  out- 
door, gantry  crane  handles  the  discharge  valves.  The 
plant  also  has  a  10-ton,  outdoor,  gantry  crane  which 
raises,  lowers,  and  transports  the  intake  bulkhead 
gates. 

The  bridge  crane  is  an  electric,  cab-operated,  over- 
head traveling  type,  with  a  main  100-ton-capacity 
hook,  and  an  auxiliary  25  ton-capacity  hook.  A  sister 
hook,  bored  for  a  lifting  pin,  is  provided  for  the  main 
hoist. 


Figure  503.      100-Ton  Bridge  Crane 
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Rated  capacities  and  speeds  of  the  bridge  crane  are: 


Rated  capacity,  tons 

Number  of  trolleys 

Rated  capacity  of  main  hoist,  tons 

Rated  capacity  of  auxiliary  hoist,  tons 

Maximum  lift,  main  hoist,  feet — inches 

Maximum  lift,  auxiliary  hoist,  feet — inches- . 

Span,  feet — inches 

Hook,  Speeds — feet  per  minute  (fpm) 

Main  (5  step) 

Aux.  (5  step) 

Bridge  speed — fpm 

Trolley  speed — fpm 


100 
1 
100 
25 
72'— V 
84'— 2" 
43'-7M" 

3.0 

15.0 

80-90 

30-35 


Brakes  are  provided  for  hook,  trolley,  and  crane 
travel.  They  include  both  electric  and  hydraulic  shoe 
type,  with  shunt  coil  and  manual  release  lever. 

The  50-ton,  outdoor,  gantry  crane  operates  on  steel 
rails  embedded  in  the  plant  valve  access  deck.  The 
lifting  mechanism  consists  of  a  sister  hook  suspended 
from  a  four-sheave  snatch  block. 

Rated  capacity  and  speeds  of  the  50-ton  gantry 
crane  are: 


Rated  capacity,  tons 

Number  of  trolleys 

Span ,  feet — inches 

Hoist  speed  with  maximum  working  load, 
fpm  (two  speeds) 

Gantry  travel  speed  with  maximum  working 

load,  fpm 

Maximum  lift,  feet — inches 


50 

1 

12'— 0" 


3.72 
1.24 


30  to  40 
53'— 0" 


The  10-ton,  outdoor,  gantry  crane  operates  on  steel 
rails  in  the  plant  gate  deck.  The  lifting  mechanism 
consists  of  a  lifting  beam  suspended  from  twin  snatch 
blocks. 

Rated  capacity  and  speeds  of  the  10-ton  gantry 
crane  are: 


Rated  capacity,  tons 

Number  of  trolleys 

Span,  feet — inches 

Hoist  speed  with  maximum  working  load, 
fpm  (two  speeds) 

Gantry  travel  speed  with  maximum  working 
load,  fpm 

Trolley  travel  speed  with  maximum  working 
load,  fpm 

Maximum  lift,  feet — inches 


10 

1 

15'— 0' 

4  to  5 
8  to  10 

30  to  40 

3  to  5 
39'— 0° 


Hydraulic  Transients 

Surge  and  reverse  speed  controls  are  provided  by  a 
single-speed  discharge  valve  closure. 

The  calculated  upsurge,  downsurge,  and  reverse- 
speed  conditions  with  the  one-speed  closure  of  22  sec- 
onds were  well  within  the  design  limits.  Field  tests 
have  verified  the  calculated  results. 


Auxiliary  Service  Systems 

The  auxiliary  service  systems  at  the  plant  are  de- 
tailed in  Chapter  I  of  this  volume.  Items  unique  to  this 
plant  are  noted  below. 

Motor  Cooling  Water  System.  The  cooling  water 
system  is  used  to  provide  the  required  cooling  water 
for  the  main  motor  air  coolers,  main  motor  bearing  oil 
cooling  coils,  and  unit  pump  guide  bearing  oil  cooling 
coils. 

Nine  main  units  in  the  Pumping  Plant  are  served  by 
four  independent  cooling  water  pump  systems  as 
shown  in  the  following  table: 


Pump  Units 


Units  Nos.  1,  2,  and  3. .Served  by 

Units  Nos.  4  and  5 Served  by 

Units  Nos.  6  and  7 Served  by 

Units  Nos.  8  and  9 Served  by 


Normal  Operation      Standby 


P-l,  P-2,  &  P-4 
P-5  &  P-7 
P-8  &  P-10 
P-ll  &  P-l  3 


P-3 
P-6 
P-9 
P-l  2 


Each  cooling  water  pump  has  an  individual  inlet 
strainer  located  in  the  plant  forebay  area.  The  cooling 
water  passes  through  an  automatic  self-cleaning 
strainer  and  then  discharges  into  a  common  system 
header.  Operation  of  the  automatic  strainers  is  tied 
into  the  operation  of  the  cooling  water  pumps. 

Cooling  water  systems  for  Units  Nos.  1,  2,  and  3  are 
supplied  from  a  common  header,  and  the  supply  valve 
to  the  respective  unit  cooling  water  system  is  au- 
tomatically opened  when  the  cooling  water  pump  is 
started  and  closed  when  the  unit  is  shut  down.  Cool- 
ing water  pump  discharge  headers  of  main  pump 
Units  Nos.  4-5,  6-7,  and  8-9  are  equipped  with  manual- 
ly operated  sectionalizing  valves,  arranged  so  that  one 
cooling  water  pump  serves  one  main  pump  unit.  The 
above  arrangement  provides  the  necessary  flexibility 
of  transferring  to  a  second  pump  when  the  normally 
operating  cooling  water  pump  is  inoperative. 

After  cooling  water  passes  through  the  coils  and 
through  the  branch  lines,  it  is  then  joined  into  a  com- 
mon header  and  discharged  back  to  the  forebay. 

Raw  Water  System.  The  raw  water  system  con- 
sists of  three  raw  water  pumps  located  in  the  mechani- 
cal gallery;  one  booster  pump  (discharge  line  fill) 
located  in  the  valve  gallery;  and  related  piping,  con- 
trols, and  appurtenances.  This  system  provides  water 
for  the  main  pump  wearing  rings,  air-conditioning 
condenser  coils,  and  filling  the  discharge  line. 

Two  of  the  raw  water  pumps,  which  are  alternator- 
controlled,  run  simultaneously  or  separately  depend- 
ing upon  system  demand.  The  third  pump  is  a  manu- 
ally controlled  standby  unit.  The  pumps  are 
controlled  by  two  pressure  switches  located  on  the 
raw  water  header  and  a  flow  switch  in  the  raw  water 
discharge  line  to  the  booster  pump  header.  Each  raw 
water  pump  has  an  individual,  automatic,  self-clean- 
ing strainer  whose  operation  is  tied  into  the  pump 
operation. 
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The  booster  pump  takes  its  suction  from  the  raw 
water  pump  discharge  header  and  is  used  to  fill  the 
discharge  line,  operating  in  series  with  the  two  raw 
water  pumps.  A  bypass  around  the  booster  pump  is 
provided  for  use  when  it  is  not  desired  to  operate  the 
booster  pumps. 

Oil  System.  The  oil  used  in  the  plant  for  lubrica- 
tion of  the  pump  and  motor  bearings  and  for  the  hy- 
draulic fluid  in  the  pump  discharge  valve  hydraulic 
system  is  a  high-grade  turbine  type  having  a  viscosity 
of  280  to  330  SSU  at  100  degrees  Fahrenheit. 

Electrical  Features 

General 

The  electrical  installation  includes  a  230-kV  switch- 
yard; power  transformers;  motors;  switchgear;  and 
auxiliary  systems  for  station  service,  communication, 
and  protection  of  equipment  and  personnel. 

Chapter  I  of  this  volume  contains  information  on 
the  electrical  equipment  and  systems  for  Wind  Gap 
Pumping  Plant  common  to  other  State  Water  Project 
plants. 

Description  of  Equipment  and  Systems 

Motors  are  operated  from  a  13.2-kV  system.  The 
three  smaller  motors  are  started  full-voltage  and  with 
the  pump  case  dewatered.  The  six  larger  motors  are 
started  with  a  system  which  reduces  voltage  and  with 
the  pump  case  dewatered.  Distribution  transformers 
are  connected  with  the  high-voltage  winding  in  series 
with  the  grounded  neutral  of  the  wye-connected  mo- 
tors and  with  resistors  connected  in  the  low-voltage 
windings.  This  limits  the  magnitude  of  ground  fault 
currents  and  detects  abnormal  currents  for  breaker 
tripping.  Surge  protection  from  transient  overvolt- 
ages  is  provided  by  capacitors  and  lightning  arresters 
on  the  line  side  of  each  motor. 

Three  3-winding  transformers  and  one  2-winding 
transformer  are  installed  to  reduce  voltage  to  13.2  kV 
for  operating  the  motors  and  for  station  service  sup- 
ply. The  transformers  connect  to  an  open  bus  struc- 
ture at  the  plant.  The  bus-yard  is  connected  to  the 
switchyard  by  two  overhead  load  lines. 

Metal-clad  circuit  breakers  connect  the  motors  and 
station  service  transformers  to  nonsegregated-phase 
bus  on  the  low-voltage  side  of  the  transformers  (Fig- 
ure 504).  Circuit  breakers  are  used  for  both  normal 
operation  and  tripping  on  abnormal  conditions. 

Two  station  service  transformers  supply  a  double- 
ended  substation  and  reduce  the  supply  to  480  volts 
(Figure  505).  Power  to  the  motor  control  centers, 
power  distribution  centers,  and  lighting  distribution 
centers  located  throughout  the  plant  is  distributed  by 
480-volt  feeder  breakers  in  the  substation  (Figure 
506). 


Figure  504.     Motor     Control      Equipment — Field 
Reloys,  and  15-kV  Switchgear 


Figure  505.     480-Volt  Station  Service  Substation 


Figure  506.     Cable  Tray  Gallery 
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Switchboards  house  the  protective  relaying,  instru- 
ments, meters,  annunciators,  and  local  operating 
panel.  These  boards  are  provided  for  each  pumping 
unit  (Figure  507). 

Pumping  units  and  auxiliaries  are  controlled  from 
the  control  room  (Figure  508).  A  computer  control 
system  was  installed  in  the  plant  operating  control 
room  with  complete  facilities  for  controlling,  moni- 
toring, logging  data,  annunciating,  and  displaying  all 
requirements  and  functions  of  the  plant  and  switch- 
yard. In  addition  to  operating  the  plant  from  the  con- 
trol room,  equipment  was  installed  for  operating  each 
unit  in  a  local  mode  at  its  switchboard.  A  panel  is 
provided  on  each  switchboard  to  selectively  start  each 
pumping  unit.  Volume  V  of  this  bulletin  gives  a  more 
detailed  description  of  the  control  systems,  both  in  the 
plant  and  remote  from  the  plant. 
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Figure  507.     Control  Switchboard 
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Figure  508.     Control  Roon 


Equipment  Ratings 
Motors 

Manufacturer:     Westinghouse  Electric 

Corporation 
Type:     Vertical-shaft,  synchronous 
Power  factor:     95% 
Frequency:     60  Hz 
Phase:      3 
Volts:     13,200 
Motors  Nos.  1,  2,  and  3 
Horsepower:     22,000 
Speed:     514  rpm 
Motors  Nos.  4  through  9 
Horsepower:     44,000 
Speed:     360  rpm 
Power  Transformers 

Manufacturer:     General  Electric  Company 

Volts:     220-13.2  kV 

Taps:     In  the  high-voltage  winding,  2'/2  and 

5%  above  and  below  rated  voltage 
Phase:     3 

Frequency:     60  Hz 
Type:     OA/FA 

Connection:     Grounded  Wve-Delta 
Transformer  No.  J 
kVA:     40,500/54,000 

Windings:     One  high-voltage  and  one  low- 
voltage 
Transformers  Nos.  2,  3,  and  4 
kVA:     53,300/71,000 

Windings:     One  high-voltage  and  two  low- 
voltage 
Station  Service 

Number  of  transformers:     2 

Volts:     13,800— 480Y/277 

Phase:     3 

Frequency:     60  Hz 

kVA:     1,000/1,333 

Type:     AA/FA 

Emergency  engine-generator:     75  kW, 

480Y/277  v- 
olts,  3  phase, 
60  Hz 

Motor  Starting  Method 

The  plant  pumping  units  are  started  daily  for  off- 
peak  pumping,  which  imposes  a  difficult  starting  duty 
on  the  motors  and  load  on  the  utility  company.  Differ- 
ent methods  of  starting  were  evaluated. 

The  three  smaller  motors  were  within  acceptable 
criteria  for  starting  full-voltage,  that  is,  the  22,000 
horsepower  (hp)  and  speed  reduced  the  inrush  to  ac- 
ceptable limits  of  the  utility  and  were  not  considered 
to  cause  an  excessive  starting  duty  for  the  motors.  A 
study  also  considered  the  economic  aspects  of  the 
choices  of  the  starting  method.  Full-voltage  starting 
required  a  minimum  of  auxiliary  equipment;  costs 
would  be  less  for  the  equipment  and  starting  reliabili- 
ty greater.  Water  was  depressed  from  the  pump  case 
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to  reduce  the  starting  torque  requirements.  Motor 
costs  were  estimated  to  be  over  25%  greater  with  a 
watered  start. 

Two  other  methods  of  starting  were  considered  for 
the  44,000-hp  motors  since  full-voltage  starting  would 
exceed  the  limits  set  by  the  utility  for  inrush  kVA 
(Figure  509).  One  method  was  to  use  a  reactor  in  the 
motor  neutral  during  starting  and  switch  the  react- 
ance from  the  circuit  after  the  motor  had  synchro- 
nized. The  second  and  selected  method  consists  of 
using  three-winding  transformers  with  two  electrical- 
ly separate  secondary  windings.  One  motor  is  con- 
nected to  each  1 3.2-kV  winding.  Due  to  the  impedance 
characteristic  of  the  three-winding  transformer,  start- 
ing is  actually  accomplished  at  reduced  voltage.  With 
a  motor  started  across  one  of  the  windings,  the  wind- 
ing impedance  increases  to  a  higher  value  than  when 
the  motor  is  operating  normally.  The  result  of  this 
transformer  characteristic  is  that  the  motor  is  essen- 
tially started  with  a  high-impedance  transformer.  As 
the  motor  accelerates,  inrush  is  reduced  and  trans- 
former voltage  returns  to  its  normal  value. 

Station  Service  System 

For  reliable  station  service,  two  independent  power 
supplies  were  selected.  One  supply  is  taken  from  a 


two-winding  transformer  and  the  other  from  a  three- 
winding  transformer.  The  circuits  originate  at  oppo- 
site sides  of  the  switchyard.  The  three-winding  trans- 
former connection  required  circuitry  for  selecting  the 
low-voltage  winding  to  be  utilized  because  the  station 
service  connection  could  not  be  made  to  the  same 
winding  being  used  to  start  a  motor.  Otherwise,  the 
high-voltage  drop  experienced  during  motor  starting 
would  adversely  affect  the  station  service  system. 

230-kV  Interconnections 

The  switchyard  is  supplied  by  two  transmission 
lines  which  also  supply  power  to  Wheeler  Ridge  and 
Buena  Vista  Pumping  Plants  and  a  load  external  to  the 
Department's  facilities.  Normally,  the  bypass  switch 
in  the  yard  is  open,  and  each  circuit  supplies  power  to 
half  of  each  of  the  three  pumping  plants.  During 
maintenance  of  switchyard  equipment,  the  bypass 
switch  is  closed  and  half  of  the  yard  is  taken  out  of 
service.  The  entire  pumping  plant  is  then  supplied  by 
the  remaining  transmission  line  connection. 

The  selected  arrangement  is  considered  to  have  suf- 
ficient flexibility  for  normally  expected  situations. 
Full  protection  is  provided;  costs  were  kept  to  a  mini- 
mum by  reducing  the  number  of  breakers  and  bays  to 
two. 


Figure  509.     44,000-Horsepower  Synchronous  Motor 
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Figure  510 


of  Plant  and  Discharge  Lines 


Construction 

Contract  Administration 

Numerous  construction  contracts  were  issued  to 
build  this  plant  (Figure  510).  General  information 
about  the  major  contracts  for  construction  of  this 
plant  is  shown  in  Table  11. 

Preconsolidation 

Preconsolidation  of  subsurface  soils  by  hydrocom- 
paction  was  performed  in  areas  where  facilities  were 
constructed  in  cuts  less  than  100  feet  deep.  Work  per- 
formed under  preconsolidation  contracts  is  described 
in  detail  in  Volume  II  of  this  bulletin. 

Bowl  and  Intake  Channel  Excavation 

Excavation  for  the  Wind  Gap  and  Wheeler  Ridge 
Pumping  Plant  bowl  and  intake  channels  was  per- 
formed under  the  same  contract.  The  excavation  at 
Wind  Gap  was  performed  from  April  to  September 
1966  and  in  March  and  April  1967.  A  total  of  6,707,000 
cubic  yards  was  excavated.  Except  for  400,000  tons 
sold  to  aggregate  suppliers,  for  which  the  Department 
received  a  royalty,  excavation  was  wasted  in  spoil 
areas  adjacent  to  the  intake  channel.  The  excavation 
equipment  employed  included  twin-engine  40-cubic- 
yard  scrapers  and  large  dozers. 


TABLE  11.     Major  Contracts — Wind  Gap  Pumping  Plant 


Specification 

Low  bid 
amount 

Final 
contract  cost 

Total  cost — 
change  orders 

Starting 
date 

Comple- 
tion date 

Prime  contractor 

Intake    channels,    Wheeler 
Ridge,    and    Wind    Gap 

66-11 

67-31 
67-49 

67-57 
67-59 

67-70 
68-03 
68-06 

68-19 

68-36 

68-49 

34,575,273 

2,293,000 
2,022,121 

423,850 
11,825,083 

409,840 

3,691,953 

851,244 

775,040 

158,908 

6,345,852 

24,842,573 

2,705,000 

(Est.) 

2,260,740 

453,676 
13,096,369 

437,204 

4,498,712 

908,571 

853,167 

162,669 

7,740,917 

310,505 

3,807* 
9,564 

10,622 

206,384 

2,701 
95,399 

38,403 

—1,430 

1,006,173 

4/  5/66 

8/17/67 
10/30/67 

12/13/67 
12/19/67 

12/29/67 
5/21/68 
3/  7/68 

10/18/68 

10/31/68 

4/  1/69 

8/31/67 

12/74 

(Est.) 

4/19/73 

10/13/69 

8/  4/70 

6/24/71 
4/17/73 
11/  1/72 

4/13/71 

11/  1/71 
2/  6/73 

Gordon   H.   Ball   Enter- 

prises &  Altfillisch- 
Fulton  Co. 
Allis-Chalmers  Mfg.  Co. 

Pump  discharge  valves 

Bridge     cranes     (including 
Buena     Vista,     Wheeler 
Ridge,  and  Oso  Pumping 
Plants) 

Baldwin-Lima-Hamilton 
Crane  Hoist  Engineering 

Pumping  plant  construction. 

Power  circuit  breakers  (in- 
cluding Buena  Vista  and 
Wheeler  Ridge  Pumping 
Plants) 

&  Mfg.  Co. 
J.  H.  Pomeroy  &  Co.,  Inc. 

Westinghouse  Electric 

Corp. 
Westinghouse  Electric 

Power  transformers 

13.8-kV  switchgear,  duplex 
switchboards,  and  associ- 

Corp. 
General  Electric  Co. 

Federal    Pacific    Electric 

Station    service    substation 
and  distribution  centers.. 

Completion    contract     (in- 
cluding   Wheeler    Ridge 

Co. 
I.T.E.  Circuit  Breaker  Co. 

Wismer  &  Becker  Con- 

tracting Engineers 

'  As  of  November  1974 
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Dewatering  Operations 

The  drainage  systems  for  the  bowls  and  intake 
channels  for  the  two  plants  consisted  of  training  dikes, 
drainage  channels,  air-blown-mortar-lined  ditches, 
corrugated-metal  pipe  culverts,  and  asbestos-cement 
pipe  slope  drains.  The  training  dikes  and  drainage 
channels  were  constructed  in  conjunction  with  the 
earthwork  operations  and  the  culverts  in  conjunction 
with  access  roads.  Surface  runoff  and  cure  water  were 
collected  in  the  main  sump  of  the  plant's  service  bay 
and  pumped  out  of  the  bowl.  The  ground  water  level 
wasn't  reached  during  excavation  so  no  dewatering 
was  performed  prior  to  the  construction  of  the  sump. 

Structural  Excavation  and  Backfill 

Equipment  used  for  Wind  Gap  Pumping  Plant 
foundation  excavation  included  a  motor  grader,  a  trac- 
tor, and  three  tandem  scrapers.  Excavation  for  the 
pumping  plant  structure  began  in  January  1968.  Ap- 
proximately 15,600  cubic  yards  of  excavated  material 
was  deposited  across  the  canal  cut  upstream  of  the 
plant  site  to  form  a  crossing  for  equipment  and  a  site 
for  the  concrete  batch  plant.  The  remainder  of  the 
excavated  material  was  stockpiled  along  the  west  side 
of  the  bowl  for  later  use  as  structural  backfill.  Excava- 
tion for  the  discharge  line  anchor  blocks  was  per- 
formed between  January  and  March  1968  using  a 
tractor  with  a  dozer  blade. 

A  vibratory  roller  was  used  to  compact  the  pump- 
ing plant  foundation.  On  the  foundation  slopes,  the 
roller  was  raised  and  lowered  with  a  truck-mounted 
crane.  The  required  95%  relative  compaction  was  ob- 
tained. 

Compaction  of  backfill  around  the  pumping  plant 
structure  was  accomplished  with  air  hammers  and 
whackers  until  space  permitted  use  of  a  tractor-drawn 
sheepsfoot  roller.  Relative  compaction  of  95%  was  ob- 
tained. After  installation  of  the  48-inch-inside-diame- 
ter  corrugated-metal  pipe,  a  free-draining  backfill  war 
placed  up  to  the  culvert  springline.  Three-inch  im- 
mersion-type vibrators  were  used  to  consolidate  thic 
cohesionless  material,  above  which  was  placed  normal 
backfill  material. 

Consolidated  backfill  was  also  used  around  buried 
portions  of  the  discharge  lines.  The  required  70%  rela- 
tive density  was  obtained  by  saturating  the  material 
with  water  before  vibrating  it  into  place. 

Pneumatically  Applied  Mortar 

A  layer  of  mortar  (shotcrete)  was  applied  on  all 
load  bearing  surfaces  of  foundation  excavation.  It  was 
applied  immediately  after  completing  the  excavation 
to  protect  the  surfaces  from  air  slaking  until  they  were 
covered  by  structure  and  backfill  concrete. 

Shotcrete  was  also  applied  beneath  discharge  lines 
and  in  the  drainage  ditch  around  the  bowl  perimeter. 
The  shotcrete  applied  to  the  plant  foundation  was  2 
inches  thick;  the  discharge  line  application  was  3 
inches  thick. 


Shotcrete  application  for  the  plant  was  performed 
so  that  it  could  be  covered  by  structure  concrete  with- 
in the  90-day  maximum  specified  period.  To  facilitate 
shotcrete  pumping  problems,  %-inch  maximum  size 
aggregate  was  reduced  to  '/2  inch. 

Concrete  Placement 

Concrete  was  batched  at  a  portable  plant  erected  at 
the  site.  The  batch  plant  holding  hoppers  were  de- 
signed to  allow  two  4-cubic-yard  batches  to  be  held 
simultaneously.  Two  different  mixes  were  accom- 
modated when  placements  for  the  plant  and  discharge 
lines  were  coincident  (Figure  511). 

Structure  concrete  for  the  Pumping  Plant  was 
transported  to  the  placement  area  in  concrete  buckets 
handled  by  tower  cranes.  Concrete  was  transported 
by  8-cubic-yard-capacity  haul  trucks  for  pumping 
plant  areas  out  of  reach  of  the  tower  cranes.  At  these 
placements,  a  truck-mounted  crane  with  a  2-cubic- 
yard  bucket  handled  the  concrete.  A  combination  of 
3-inch  and  6-inch  vibrators  was  used  to  consolidate  the 
concrete.  Three-inch  maximum  size  aggregate  was 
used  for  structure  concrete  wherever  space  allowed. 

Discharge  Lines 

On-site  fabrication  was  required  for  the  12-foot  -  6- 
inch-diameter  straight  section  and  for  the  manifold 
sections.  Each  straight  section  was  shipped  to  the  site 
in  a  30-foot-  and  a  10-foot-long  piece.  The  two  pieces 
were  welded  together  as  they  slowly  turned  together 
on  rollers.  After  welding,  each  section  was  sandblast- 
ed, externally  coated  with  inorganic  zinc  silicate,  and 
internally  coated  with  coal-tar  epoxy. 


Figure  511.     Concrete  Placement  of  Taper  Sections  Near  Bottom  of  Plant 
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The  pipe  sections  were  put  on  a  sled  and  placed  at 
the  top  of  skidways  extending  down  the  discharge  line 
slope  (Figure  512).  Two  lines  were  installed  simul- 
taneously using  two  skidways.  A  40-ton-capacity  dual- 
drum  winch  lowered  the  sections  down  the  skidways 
into  position  (Figure  513). 

All  elbow  and  manifold  joints  were  hand-welded. 
Where  radiographing  the  joints  was  impractical,  ul- 
trasonic testing  was  used. 

Other  Construction 

Second-stage  concrete  and  embedment  of  pump 


scroll  cases  in  concrete  were  accomplished  under  the 
contract  for  the  completion  of  Wheeler  Ridge  and 
Wind  Gap  Pumping  Plants,  Specification  No.  68-49, 
as  well  as  the  installation  of  most  of  the  piping,  wiring, 
drainage  pumps,  compressors,  water  and  sewage  treat- 
ment plants,  air  conditioning,  interior  finishing,  and 
yard  paving. 

Pumps,  motors,  and  other  major  mechanical  and 
electrical  equipment  were  furnished  and  installed  un- 
der separate  contracts. 

The  computer  control  system,  an  important  part  of 
this  plant,  is  described  in  Volume  V  of  this  bulletin. 


Figure  512.     Skidding    First    Discharge    Line    Pipe    Section    for    Pumping 
Plant  Line  No.  1   Downslope 


Figure  513.      First 
Lines 


of    Three     150-lnch-lnside-Diameter    Steel    Discharge 
for  Plant  Being  Installed  on  the  Support  Piers 
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The  following  engineering  drawings  may  be  found  in  consecutive  order  im- 
mediately after  this  reference  (Figures  514  through  545). 
Figure 
Number 

514  General  Plan 

515  General  Arrangement — Plan — Elevation  732.5 

516  General  Arrangement — Plan — Elevation  732.5 

517  General  Arrangement— Plan — Elevation  715.0 

518  General  Arrangement — Plan — Elevation  715.0 

519  General  Arrangement — Plan — Elevation  697.5 

520  General  Arrangement — Plan — Elevation  697.5 

521  General  Arrangement — Plan — Elevation  692.0 

522  General  Arrangement — Plan — Elevation  692.0 

523  General  Arrangement — Valve  Gallery  and  Dewatering  Sump 

524  General  Arrangement — Valve  Gallery 

525  General  Arrangement — Transverse  Section — 315-cfs  Unit 

526  General  Arrangement — Transverse  Section — 630-cfs  Unit 

527  General  Arrangement — Longitudinal  Section 

528  General  Arrangement — Longitudinal  Section 

529  Discharge  Lines — General  Plan 

530  Discharge  Lines — Profile 

531  Service  Air  Diagram 

532  Depressing  Air  System 

533  Service  Water  System 

534  Cooling  Water  System 

535  Raw  Water  Supply  System 

536  Dewatering  Pressure  and  Gravity  Drainage  System 

537  Lubricating  Oil  System 

538  Pumping  Unit  Air  System 

539  Plant  Single-Line  Diagram 

540  Unit  Single-Line  Diagram 

541  230-kV  Switchyard 

542  230-kV  Transformer  Switchyard 

543  Station  Service  Single-Line  Diagram 

544  Switchboard — Front  Elevation 

545  Single-Line  Diagram — Direct-Current  System 
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Figure  514.     General  Plan 


©-- 

0 


-4 


i  ' 


!  =>f 


i  ®f 


(EH— 


®+ 


IlsE 


liii 


i 
i     < 


fl 


Figure  515.     General  Arrangement — Plan — Elevation  732.5 
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Figure  516.     Generol  Arrangement— Plan — Elevation  732.5 
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Figure  517.     Generol  Arrangement — Plan — Elevation  715.0 
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Figure  518.     General  Arrangement — Plan — Elevation  715.0 
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Figure  519.     General  Arrangement — Plan — Elevation  697.5 
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Figure  520.     General  Arrangement — Plan — Elevation  697.5 
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Figure  521.     General  Arrangement — Plan — Elevation  692.0 
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Figure  522.     General  Arrangement — Plan — Elevation  692.0 
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Figure  523.     General  Arrangement — Valve  Gallery  and  Dewatering  Sump 
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Figure   524.      General  Arrangement — Valve  Gallery 
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Figure  525.     General  Arrangement — Transverse  Section — 315-cfs  Unit 
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Figure  526.     General  Arrangement — Transverse  Section — 630-cfs  Unit 
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Figure  527.     General  Arrangement — Longitudinal  Section 
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Figure  528.     General  Arrangement — Longitudinal  Section 
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Figure  529.     Discharge  Lines — General  Plan 
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Figure  530.      Discharge  Lines — Profile 
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Figure  531.     Service  Air  Diagram 
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Figure  532.     Depressing  Air  System 
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Figure  533.      Service  Water  System 
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Figure  534.     Cooling  Water  System 
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Figure  535.     Raw  Water  Supply  System 
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Figure  537.     Lubricating  Oil  Syslen 
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Figure  538.     Pumping  Unit  Air  System 
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Figure  539.     Plant  Single-Line  Diagram 
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Figure  540.     Unit  Single-Line  Diagr 
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Figure  541.     230-kV  Switchyard 
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Figure  542.     230 -kV  Transformer  Switchyard 
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Figure  543.     Station  Service  Single-Line  Diagram 
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Figure  544.     Switchboard — Front  Elevation 
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Figure  545.      Single-Line  Diagram — Direct-Current  Syst 


479 


■z-#r>umici  Riaqt 


i  Ml     iicad 


Figure  546.     Location  Map — A.  D.  Edmonston  Pumping  Plant 
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CHAPTER  XIII.     A.  D.  EDMONSTON  PUMPING  PLANT 


General 
Location 

A.  D.  Edmonston  Pumping  Plant,  formerly  called 
Tehachapi  Pumping  Plant,  is  located  in  Kern  County 
approximately  30  miles  south  of  Bakersfield  and  6 
miles  east  of  Interstate  Highway  5  (Figures  546  and 
547).  Access  to  the  site  is  by  A.  D.  Edmonston  Pump- 
ing Plant  Road,  which  begins  at  the  Grapevine  exit 
from  Interstate  5  (Figures  546  and  548).  The  plant 
was  constructed  during  the  period  from  1967-1973. 

Purpose 

The  Tehachapi  Mountains  form  a  major  barrier  in 
the  transportation  of  water  from  the  San  Joaquin  Val- 
ley southward  into  Southern  California.  A.  D.  Ed- 


monston  Pumping  Plant  provides  the  main   lift  to 
move  water  across  these  mountains. 

Description 

A.  D.  Edmonston  Pumping  Plant  will  contain  14 
four-stage  centrifugal  pumps.  To  date  (1974),  11 
pumps  have  been  installed.  Each  pump  has  a  capacity 
of  315  cubic  feet  per  second  (cfs)  at  a  dynamic  head 
of  1,970  feet  and  is  driven  by  a  600-rpm  80,000-horse- 
power  (hp)  motor.  The  remaining  three  pumps  are 
scheduled  to  be  operational  in  1983.  At  full  capacity, 
14  pumps  will  supply  4,410  cfs.  Each  pump  has  a  sin- 
gle-entrance intake,  a  steel  trashrack,  a  single-intake 
gate,  and  a  48-inch  spherical  valve  which  is  on  the 
discharge  side  of  the  pump. 


Figure   547.     Aerial  View — A.  D.  Edmonston  Pumping  Plant 
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Figure  548.     Closeup  of  A.  D.  Edmonston  Pumping  Plant 


The  plant  is  "U"-shaped  with  the  wings  diverging 
upstream  at  7  degrees  from  the  centerline  of  the  struc- 
ture. The  forebay  includes  a  flared  section  of  canal 
with  the  area  enclosed  on  three  sides  by  the  plant 
structure.  The  east  wing  of  the  plant  contains  seven 
pumps  (Figure  549),  while  the  west  wing  has  four  of 
the  scheduled  seven  installed.  Water  is  pumped  from 
the  forebay  into  a  concrete-encased  steel  manifold 
located  along  the  outer  wall  of  each  wing.  Two  mani- 
folds, one  in  each  wing,  connect  to  twin,  under- 
ground, discharge  lines. 

At  the  downstream  end  of  the  plant  are  two  service 
bays  and  a  motor-generator  bay.  The  latter  contains 
two  35,000-hp  motor-generator  sets  used  to  start  the 
pump  motors.  Representative  drawings  are  included 
at  the  end  of  this  chapter. 

Geology 
Areal  Geology 

Tilted,  Tertiary,  sedimentary  rocks  are  present 
along  both  the  northwest  and  southeast  margins  of  the 
Tehachapi  Mountains.  The  central  mountain  mass  is 
made  up  of  a  crystalline  complex.  The  crystalline 
rocks  include  a  number  of  elongated  bodies,  up  to 
several  miles  in  length,  of  metamorphic  and  igneous 
rocks. 
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The  most  common  and  areally  extensive  rocks  in 
the  Tehachapi  Mountains  are  the  intrusive  types. 
These  range  in  composition  from  granite  through 
gabbro  with  an  average  composition  in  the  range  of 
diorite.  The  metamorphic  rock  types  include  gneiss, 
schist,  phylite,  slate,  and  marble. 

Site  Geology 

Recent  alluvial  fan  deposits  of  coarse-grained  silty 
gravelly  sand,  plastic  clay,  and  boulders  covered  the 
site.  The  boulders,  although  widely  scattered  through- 
out the  alluvial  deposits,  appear  to  have  concentrated 
in  two  specific  locations:  at  the  base  of  the  alluvium 
and  near  the  surface,  especially  along  the  east  side  of 
the  small  valley  in  which  the  plant  is  located. 

Tejon  formation  forms  the  main  part  of  the  founda- 
tion for  the  Pumping  Plant.  The  formation  is  mostly 
massive,  gray,  silty,  sandstone  beds  with  thin  in- 
terbeds  of  dark  shale.  Tecuya  formation  overlays  the 
Tejon  formation  and  is  both  alluvial  fan  and  shallow 
water  deposits  interbedded  with  volcanic  dacite,  ba- 
salt, and  agglomerate.  Crystalline  rocks,  mainly  quartz 
diorite  and  diorite  gneiss,  make  up  the  foundation  on 
the  back  slope  of  the  plant  and  underlay  the  service 
bay  motor-generator  area  and  the  discharge  lines. 

Sandstone  and  shale  in  the  foundation  slake  when 
exposed  to  the  air,  and  a  protective  coating  of  shot- 
crete  was  applied  to  the  sedimentary  rocks  within  24 
hours  of  exposure  to  the  air.  In  addition,  all  shattered, 
loose,  disintegrated,  and/or  sheared  and  hydrated 
rock  was  overexcavated.The  thin  sandstone  wedge  at 
the  contact  with  the  crystalline  rocks  also  was  overex- 
cavated  so  that  the  minimum  thickness  of  sandstone 
was  5  feet.  All  areas  of  overexcavation  were  backfilled 
with  shotcrete  or  concrete. 

Slope  failure  occurred  at  several  locations.  Land- 
slides developed  where  joint  planes,  bedding  planes, 
and  highly  fractured  rock  intersected  along  the  south- 
west slope.  During  the  late  stages  of  excavation  of  the 
plant  site,  a  large  rock  mass  over  the  portal  area  of  the 
discharge  lines  slid  from  the  southeast  slope  along  a 
prominent  joint  plane.  It  was  apparent  that  unless 
slopes  were  stabilized,  rock  falls  over  the  portals  for 
the  discharge  lines  would  be  a  hazard  to  personnel, 
and  slope  failure  could  block  the  tunnel  entrances. 
Therefore,  steel  reinforcing  bars  were  grouted  into 
the  slope,  and  these  areas  were  secured  with  chain-link 
fabric  and  gunited. 

Subsequent  to  the  corrective  work,  a  rock  fall  oc- 
curred in  the  southeast  corner  adjacent  to  the  area 
which  had  been  reinforced  with  steel  bars.  The  base 
of  the  failure  was  the  prominent  joint  plane  which 
also  was  the  failure  plane  of  the  first  slide.  The  back 
plane  of  the  rock  fall  was  a  shear  zone  in  the  quartz 
diorite. 

Unstable  biotite  schist  and  sheared  rock  were 
present  in  the  south  wall  of  the  west  sump.  The  condi- 
tion was  corrected  by  resloping  and  reinforcing  the 
rock  with  rock  bolts,  chain-link  fabric,  and  gunite. 


Diorite  gneiss  in  the  south  wall  of  the  east  sump  ap- 
peared to  be  stable  until  a  large  wedge  of  rock  slipped 
out.  Failure  occurred  along  three  intersecting  shear 
planes.  Rock  bolts,  chain-link  fabric,  and  gunite  were 
used  to  stabilize  the  area  until  concrete  was  placed. 
During  excavation  of  the  west  wing,  a  shear  zone  was 
uncovered  which  dipped  into  the  north  wall  of  the 
west  sump.  This  wedge  was  overexcavated  and  back- 
filled with  concrete. 

Total  flow  of  ground  water  into  the  plant  excava- 
tion was  low.  Dewatering  was  accomplished  with 
sump  pumps  and  piping  the  water  from  the  area. 

The  ridge  selected  for  the  plant  discharge  line  align- 
ment is  an  anticlinal  structure  with  a  central  core  of 
quartz  diorite  with  diorite  gneiss  and  mica  schist  on 
the  flanks  and  uppermost  crest.  Foliation  parallels  the 
rock  structure  and  dips  steeply  to  the  northeast.  The 
major  structural  trend  is  complexly  faulted,  and  the 
entire  area  is  a  complexly  folded  and  faulted  assem- 
blage of  metamorphic  rock. 

The  discharge  tunnels  were  excavated  entirely  in 
crystalline  rock  of  the  diorite  complex.  Horizontal 
reaches  of  the  discharge  line  tunnels  were  excavated 
full-face.  The  two  upper  incline  reaches  of  the  tunnels 
were  excavated  using  pilot  shafts,  which  were  drilled 
by  a  raise  drill.  Pilot  holes  9%  inches  in  diameter  were 
drilled  from  the  upper  portals  to  intersect  the  horizon- 
tal tunnels,  and  the  holes  were  back-reamed  using  a 
6-foot-diameter  reaming  bit.  The  shafts  then  were  en- 
larged to  full  size  by  drilling  and  blasting.  The  lower 
incline  shafts  were  excavated  by  sinking  shafts. 

Geologic  Exploration 

Exploration  for  the  Pumping  Plant  consisted  of  ro- 
tary core  holes,  adits,  and  geophysical  surveys.  Geo- 
logic maps  were  made  of  the  excavation  and  tunnels. 
Seismitron  listening  stations  were  set  up  at  109  loca- 
tions in  the  four  horizontal  tunnels,  and  rock  noise 
was  monitored  during  tunnel  construction.  Rock  me- 
chanic studies  for  deformation  modulus,  Poisson's 
ratio,  and  rock  classification  were  made  in  the  tunnels 
using  geophysical  methods  to  supplement  visual  clas- 
sification. 

Instrumentation 

A  network  of  slope-indicator  casings,  rebound 
gauges,  and  tiltmeters  was  installed  to  monitor  slope 
stability  and  ground  movement  during  excavation  of 
the  plant  site  and  construction  of  the  Pumping  Plant. 
Installation  was  made  prior  to  the  start  of  construc- 
tion, and  initial  readings  were  made  so  subsequent 
movements  resulting  from  construction  could  be  de- 
termined. 

Slope  indicators  were  installed  at  three  locations 
around  the  periphery  of  the  excavation.  Regular  meas- 
urements were  obtained  from  March  1966  until  Octo- 
ber 1969.  The  frequency  of  the  measurements  varied 
throughout  this  period  as  dictated  by  the  construction 
activities.  Readings  were  discontinued  when  the  re- 


483 


suits  from  the  surveys  and  the  status  of  the  construc- 
tion indicated  they  were  no  longer  necessary.  No 
significant  movements  resulting  from  the  site  excava- 
tion or  plant  construction  were  noted  in  the  slope- 
indicator  casings. 

To  determine  the  rebound  resulting  from  the  re- 
moval of  nearly  200  feet  of  soil  and  rock,  eight  rebound 
gauges  were  installed  at  the  site,  six  below  plant  invert 
elevation  and  two  in  the  pumping  plant  pool  area. 
Because  of  the  rock  foundation,  only  a  small  amount 
of  rebound  was  to  be  expected.  Under  these  circum- 
stances, a  continuous  record  of  the  rebound  was  not 
needed,  so  buried-type  gauges  were  used. 

In  general,  the  rebound  gauges  provided  limited 
information  on  foundation  movements.  The  data  was 
adequate  to  show  that  only  a  small  amount  of  com- 
pression should  be  expected  with  the  reloading  of  the 
foundation  by  the  structure.  Structural  bench  marks 
installed  in  the  plant  later  confirmed  these  findings. 

Seismicity 

The  Pumping  Plant  and  discharge  line  tunnels  are 
located  in  a  seismically  active  area.  Six  major  faults 
and  numerous  minor  faults  are  within  25  miles  of  the 
plant  site.  Three  of  these  faults,  the  San  Andreas, 
White  Wolf,  and  Santa  Ynez,  have  been  sources  of 
destructive  earthquakes  within  historic  times.  The  re- 
maining three  major  faults,  the  Garlock,  San  Gabriel, 
and  Big  Pine,  are  dominant  geologic  features  in  the 
mountain  ranges  to  the  south  but  historically  have  not 
been  the  sources  of  damaging  earthquakes.  Movement 
of  these  known  faults,  as  well  as  movement  of  lesser 
known  faults,  is  anticipated  and  possible  damage  as- 
sociated with  shaking  is  expected  during  the  operating 
life  of  the  facilities. 

Civil  Features 

Preliminary  Studies 

In  the  early  planning  stages,  several  routes  for 
transporting  water  through  the  San  Joaquin  Valley 
into  the  southernmost  part  of  the  State  were  consid- 
ered. These  alternative  routes  included  a  direct  cross- 
ing of  the  Tehachapi  Mountains,  an  aqueduct  through 
the  coastal  counties  of  Santa  Barbara  and  Ventura, 
and  even  a  submerged  offshore  conduit  parallel  to  the 
coast  of  California.  The  direct  crossing  of  the  Teha- 
chapis  was  selected  as  the  most  reliable  and  economi- 
cal. 

Recognizing  the  complexity  of  design  and  construc- 
tion in  crossing  one  of  the  most  active  seismic  regions 
of  the  State,  the  Department  of  Water  Resources  con- 
vened two  consulting  boards:  (1)  the  Tehachapi 
Crossing  Consulting  Board,  composed  of  experts  with 
worldwide  experience  in  the  field  of  water  convey- 
ance to  advise  the  Department  on  major  features  of 
design  and  construction;  and  (2)  the  Consulting 
Board  for  Earthquake  Analysis,  consisting  of  foremost 
experts  in  this  field,  to  advise  on  the  establishment  of 


earthquake  design  criteria  (see  Appendix  B  of  this 
volume). 

Lifting  4,410  cfs  of  water  1,926  feet  was  unprece- 
dented in  the  United  States — both  in  quantity  of  flow 
and  pump  lift.  This  presented  many  problems  such  as 
type  of  lift,  location,  configuration  of  plant,  tunnel 
alignment,  and  how  and  where  to  cross  the  Garlock 
fault. 

During  the  planning  stages,  three  different  lift  sys- 
tems were  studied — a  single  lift  of  2,000  feet,  two  lifts 
of  1,000  feet  each,  and  three  lifts  of  about  670  feet  each. 

Results  of  these  studies  indicated  that  pumps  re- 
quired for  each  of  these  systems  were  feasible.  The 
highest  individual  pump  efficiency  was  the  two-stage 
pump  for  the  two-lift  system.  However,  the  four-stage 
pump  for  the  single  lift  showed  only  a  small  difference 
in  efficiency — not  great  enough  to  support  a  decision 
based  on  efficiency  alone. 

The  three-lift  scheme  was  eliminated  because  con- 
struction of  the  number  of  forebay  dams  and  pumping 
plants  in  the  seismically  active  region  high  on  the 
mountain  slopes  was  not  considered  desirable  from  an 
engineering  or  geological  standpoint. 

Study  of  the  two-lift  and  single-lift  systems  indicat- 
ed that  the  single-lift  system  had  many  advantages, 
including  simplified  operational  control.  This  would 
reduce  the  probability  of  human  error  in  operations 
and  the  number  of  employees  required  for  operation 
and  maintenance.  In  the  final  analysis,  the  single-lift 
system  was  selected  because  of  better  reliability,  in- 
creased safety,  and  lower  cost. 

These  studies  were  very  extensive  and  are  fully  de- 
scribed in  Bulletin  No.  164,  "Tehachapi  Crossing  De- 
sign Studies",  dated  1968,  published  by  the  State  of 
California,  Department  of  Water  Resources.  The  Bul- 
letin is  published  in  six  volumes  as  follows: 

Volume  I  Comparative  Analysis 

Volume  II  Technical  Studies 

Volume  III  Investigation  of  High 

Speed  Pumping  Practice 
in  Europe  and  the 
United  States 
Volume  IV  Program  Management 

Volumes  V  and  VI  Unnamed.  These  volumes 
contain  documents  sub- 
stantiating the  activities  in 
the  preceding  volumes 

After  the  single-lift  system  was  selected,  the  "U"- 
shaped  plant  was  developed  because  it  was  more  eco- 
nomical and  better  suited  from  the  standpoint  of  local 
topography,  geology,  and  manifolding  requirements 
of  the  underground  discharge  lines.  It  allowed  sym- 
metrical placement  of  14  pumps  to  receive  canal  flow 
uniformly  and  then  feed  into  two  discharge  lines 
through  relatively  simple  manifolds.  The  narrow 
plant  fit  into  the  valley  with  only  moderate  excavation 
on  good  foundation. 
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Plans  for  the  single-lift  system  with  a  "U"-shaped 
plant  were  presented  to  the  Tehachapi  Crossing  Con- 
sulting Board.  The  Board  concurred  with  the 
proposed  design  and,  in  addition,  recommended  that 
hydraulic  model  studies  be  made  to  verify  the  hydrau- 
lic adequacy  of  the  forebay  and  the  intakes  regarding 
equal  distribution  of  water  to  each  pump. 

Model  studies  of  the  intake  conditions  were  per- 
formed at  the  Hydraulics  Laboratory  of  the  Depart- 
ment of  Water  Science  and  Engineering  at  the 
University  of  California  at  Davis.  Two  undistorted 
models  constructed  at  scales  of  1:18  and  1:48  were 
tested.  Both  models  consisted  of  approach  channel, 
transition  forebay,  pump  inlets,  and  suction  elbows  of 
the  Pumping  Plant.  The  1:18  model  was  used  to  test 
the  configuration  proposed  in  preliminary  designs. 
The  1:48  model,  being  smaller  and  more  flexible,  was 
used  to  test  ten  alternative  transitional  configurations. 

The  proposed  preliminary  configuration  proved  to 
be  equal  or  superior  to  the  ten  alternative  transitional 
configurations  tested.  It  was  found  to  be  insensitive  to 
minor  changes  in  geometry  and  flow  conditions.  The 
tests  indicated  that  all  pumps  would  function  with 
approximately  equal  effectiveness,  which  had  been 
the  primary  concern  of  the  Board.  The  preliminary 
design  configuration,  with  minor  modifications,  was 
adopted  for  final  design. 

Site  Development 

Major  features  of  the  site  development  were  excava- 
tion of  the  bowl  and  canal  transition.  Other  features 
included  access  roads,  two  visitor  overlooks,  and  a 
switchyard.  The  maximum  width  of  the  bowl  excava- 
tion is  about  1,100  feet,  and  the  length,  including  the 
canal  transition,  is  about  1,200  feet.  The  maximum 
depth  of  cut  is  about  190  feet.  At  the  south  end  (down- 
stream), 1:1  slope  cuts  were  made  with  20-foot 
benches  spaced  vertically  at  about  40-foot  intervals. 
The  side  cuts,  also  benched,  are  less  steep.  Approxi- 
mately 4,000,000  cubic  yards  of  material  was  removed 
from  the  site  and  placed  in  designated  spoil  areas. 

Prior  to  excavation,  static  water-level  measure- 
ments in  exploratory  drill  holes  indicated  the  presence 
of  artesian  conditions,  and  it  was  predicted  that  dewa- 
tering  would  be  needed  during  construction;  howev- 
er, only  a  minor  amount  of  water  was  encountered. 

Plant  Structure 

The  plant  was  constructed  in  the  shape  of  a  "U" 
with  the  wings  diverging  7  degrees  with  the  symmet- 
ric centerline.  The  "U"  opens  to  the  north.  Each  wing 
is  divided  into  five  bays:  four  pump  bays,  and  a  service 
bay  at  the  south  end.  Between  the  wings  at  the  south 
end  is  the  motor-generator  bay.  It  is  adjacent  to  a 
service  bay  and  part  of  a  pump  bay  on  each  side.  Each 
pump  bay  adjacent  to  a  service  bay  contains  only  one 
pump.  The  other  three  bays  of  each  wing  were  de- 
signed to  house  two  pumps  each. 


Each  pump  bay  is  70  feet  (measured  along  the 
wing)  by  115  feet,  with  the  exception  of  the  pump 
bays  at  the  upper  (north)  ends  of  the  "U"  which  are 
94  by  115  feet,  each.  The  additional  length  of  the  up- 
per-end bays  provides  space  for  stairways,  storage 
space,  and  valve  gallery  access  hatches.  Total  depth  of 
the  bays,  excluding  the  superstructure,  is  approxi- 
mately 100  feet  from  the  top  floor  at  elevation  1,246.5 
feet  to  the  plant  foundation  at  elevation  1,147.0  feet. 

To  minimize  the  effects  of  temperature  and  shrink- 
age on  the  structure,  the  bays  are  separated  by  trans- 
verse contraction  joints  below  elevation  1,185  feet  and 
by  1-inch  expansion  joints  above  that  elevation. 

The  machine  hall  floor  is  depressed  to  elevation 
1,210  feet.  The  top  of  the  main  walls  at  elevation 
1,245.75  feet  provides  direct  support  for  the  machine 
hall  bridge  crane.  The  normal  water  surface  in  the 
forebay  is  at  elevation  1,239  feet,  which  is  29  feet  above 
the  machine  hall  floor.  The  pump  bays  in  each  wing 
have  been  sized  to  provide  adequate  space  for  the  ma- 
chine hall,  electrical  gallery,  switchgear  gallery,  me- 
chanical gallery,  and  valve  gallery. 

The  motor-generator  bay  is  123  feet  -  4'/2  inches  long 
by  65  feet  wide.  The  two  35,000-hp  motor-generators, 
used  for  starting  pump  motors,  are  located  at  elevation 
1,210  feet.  The  visitors  area  and  control  room  are 
located  in  the  north  half  of  the  motor-generator  bay  at 
elevation  1,246.5  feet  overlooking  the  end  of  the  fore- 
bay. 

The  service  bays  at  the  south  end  of  each  wing  are 
82  feet  -  4'/2  inches  by  109  feet  -  1  inch.  They  contain 
four  floor  levels:  elevations  1,246.5,  1,229.0,  1,2 10.0  and 
1,192.0  feet.  The  machine  hall  floor  (elevation  1,210 
feet)  extends  from  the  pump  bays  two-thirds  of  the 
way  into  the  service  bay.  Rooms  are  provided  for  mis- 
cellaneous equipment  around  three  sides  of  the  ma- 
chine hall  at  elevations  1,229  and  1,210  feet  and  over 
the  entire  area  at  elevation  1,192  feet.  The  rotor  erec- 
tion pier  is  at  elevation  1,192  feet;  an  access  hatch  is 
located  overhead  in  the  machine  hall  floor,  and  the 
rotor  assembly  mandrel  soleplates  are  nearby  in  the 
machine  hall.  The  machine  hall  area,  which  extends 
into  the  service  bay,  is  serviced  by  a  multiple-crane 
system  that  includes  machine  hall  gantry  cranes  and 
a  motor-generator  bay  gantry  crane.  This  overlapping 
crane  service  provides  for  transfer  (double-handling) 
of  heavy  equipment  to  all  areas  of  the  plant. 

Waterways 

Intake  Facilities.  The  forebay  consists  of  a  flared 
transition  and  a  pumping  pool  enclosed  on  three  sides 
by  the  pumping  plant  structure.  Expensive  wingwalls 
were  eliminated  by  flaring  the  transition.  Upstream 
from  the  transition,  the  canal  has  a  trapezoidal  shape 
with  side  slopes  of  2:1  and  a  24-foot  bottom  width. 
From  the  beginning  of  the  transition  to  the  plant,  the 
channel  flares  from  a  width  of  118  feet  to  approxi- 
mately 380  feet  in  a  distance  of  286  feet.  The  bottom 
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flares  from  24  to  30  feet  in  a  distance  of  14  feet,  then 
continues  at  the  30-foot  width.  The  configuration  of 
the  invert  is  such  that  the  bottom  forms  a  mound  in 
the  pumping  pool,  sloping  from  its  centerline  to  the 
pump  intakes.  Model  studies,  mentioned  previously, 
indicated  that  the  mound  had  little  or  no  effect  on  the 
hydraulic  performance  of  the  pumping  pool,  and  re- 
moval of  the  mound  was  not  required. 

Steel  trashracks  are  located  at  the  upstream  face  of 
the  pump  structure.  They  are  followed  by  gate  slots 
which  extend  upward  to  the  gate  deck  at  elevation 
1,246.5  feet.  Structural-steel  bulkhead  gates  can  be 
lowered  from  the  gate  deck  through  these  slots  to  cov- 
er the  suction  tubes  and  permit  their  dewatering. 

Suction  elbows  bend  at  135  degrees  to  meet  the  in- 
vert of  the  forebay;  they  are  steel-lined  below  the  gate 
slots.  A  dewatering  outlet  is  provided  at  the  low  point 
of  each  tube. 

Pump  Discharge  Lines.  Major  features  of  the 
pump  discharge  conduit  system  at  A.D.  Edmonston 
Pumping  Plant  include  manifolds,  underground  dis- 
charge line  tunnels,  and  a  surge  tank. 

Along  with  other  features  of  the  Tehachapi  cross- 
ing, this  discharge  conduit  system  was  discussed  at 
numerous  meetings  of  the  Tehachapi  Crossing  Con- 
sulting Board,  which  worked  closely  with  the  Depart- 
ment's staff  on  conceptual  development  and  design. 

Total  design  pressure  head  for  the  discharge  con- 
duit system  varies  from  2,677  feet  at  the  plant  to  120 
feet  inside  the  surge  tank.  This  design  head  includes 
static  head,  friction  losses,  and  hydraulic  transients 
following  simultaneous  power  failure  to  all  pumps  in 
one  wing  of  the  plant.  Variations  in  hydraulic  tran- 
sients throughout  the  length  of  the  discharge  line  tun- 
nels cause  design  head  to  vary  parabolically  rather 
than  linearly.  Design  head  at  the  surge  tank  depends 
on  the  elevation  of  the  hydraulic  gradeline  in  the 
downstream  tunnel  system  which  establishes  the  wa- 
ter level  in  the  surge  tank.  This  condition  is  discussed 
in  more  detail  in  Volume  II  of  this  bulletin. 

Manifolds.  Flow  from  the  14  pumping  units  is 
combined  by  manifolds  into  two  underground  dis- 
charge line  tunnels.  All  pumps  in  the  east  wing  of  the 
plant  are  manifolded  to  a  common  discharge  header; 
west  wing  units  are  manifolded  in  the  same  manner. 
The  east  manifold  is  244  feet  long  and  the  west  one  is 
259  feet.  The  branch  pipe  from  the  most  upstream 
pump  enters  the  end  of  each  manifold  while  the  other 
six  branch  pipes  enter  at  60  degrees  from  the  manifold 
centerline. 

Manifold  headers  were  designed  as  a  series  of  cone 
sections  that  expand  from  a  diameter  of  4  feet  -  6 
inches  at  upstream  ends  to  12  feet  -  6  inches  at  outlet 
ends.  This  provides  nearly  constant  flow  velocities 
within  each  header,  approximately  18  to  20  feet  per 
second  with  seven  pumps  operating  (Figure  550). 

Complete  hydraulic  model  studies  were  made  on 
manifold  headers  by  testing  the  effects  of  45-  and  60- 


Figure  550.     West  Manifold  Heode 


degree  intersections  by  the  branch  pipes.  These  tests 
measured  hydraulic  efficiencies,  head  losses  for  all 
pump  combinations,  and  pressure  fluctuations  around 
inside  crotch  girders.  The  test  report  recommended 
60-degree  intersections. 

Vibrations  of  manifolds  due  to  pump  impulses  and 
effects  of  flow  at  the  internal  reinforcing  girders  were 
fully  considered  in  the  design,  and  manifold  geometry 
was  adjusted  to  minimize  vibration  effects. 

Because  of  the  high  design  head  and  large  diameter, 
high-strength  steel  plate,  as  described  in  Chapter  1  of 
this  volume,  is  used  for  the  manifold.  This  steel  is 
equivalent  to  ASTM  A537,  Grade  A,  although  plate 
thickness  exceeds  the  thickness  governed  by  this  speci- 
fication. All  branch  pipe  shells  are  V/2  inches  thick.  In 
the  manifold  header,  shell  plate  thickness  increases 
from  l'/2  to  4  inches  at  the  largest  end.  Steel  plate  in 
the  reinforcing  girders  for  the  wye  branches  varies 
from  2  to  4  inches  for  outside  girders  and  from  5  to  5% 
inches  for  inside  crotch  girders. 

Geometry  of  reinforcing  girder  intersections  was 
determined,  to  a  large  extent,  by  welding  require- 
ments. Because  of  plate  thicknesses  and  obtuse  angles 
of  plate  intersections,  6-inch  steel  pins  were  used  at 
junctions  of  the  two  external  reinforcing  girders  with 
the  crotch  plate.  Pins  up  to  1 3  inches  in  diameter  were 
used  at  shell  and  crotch  plate  sections.  These  details 
simplified  welding  and  welds  were  more  resistant  to 
laminar  tearing  than  direct  plate-to-plate  intersections 
(Figure  551). 

Stress  conditions  in  reinforcing  girders  and  adja- 
cent shell  plates  were  estimated  by  elastic  methods 
and  checked  by  computerized  finite  element  analysis. 

Numerical  solutions  were  then  verified  by  hydro- 
static tests,  on  plastic  models  and  on  a  prototype.  For 
the  plastic  models,  two  wye  branches  were  tested  by 
air  pressure  using  strain  gauges  attached  at  significant 
locations.  Prototype  testing  was  made  of  the  largest 
wye  branch  on  the  east  manifold  when  sealed  by  bulk- 
heads in  the  fabricating  shop.  Over  170  strain  gauges 
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Figure   551.      Typical  Wye-Branch  Intersection 

were  used  to  record  effects  of  1,500  pounds  per  square 
inch  (psi)  test  pressure  in  the  full-sized  vessel.  Stress 
conditions  from  the  models  and  prototype  compared 
favorably  with  the  analytical  solutions. 

Three  sleeve  couplings  were  installed  on  each  mani- 
fold header  to  allow  for  longitudinal  expansion  and 
contraction  consistent  with  that  provided  for  the 
plant  structure.  The  entire  manifold  was  concrete- 
encased,  with  the  exception  of  sleeve  couplings  which 
were  placed  in  vaults  accessible  from  inside  the  plant 
structure. 

Prior  to  concrete  placement,  completed  manifolds 
were  bulkheaded  and  tested  in-place  at  1,500  psi.  The 
pipe  shell  under  the  sleeve  couplings  was  not  cut  until 
after  testing  and  encasement,  thus  eliminating  need 
for  extra  supports  to  resist  hydrostatic  thrust  exerted 
against  the  bulkheads.  However,  holes  were  drilled 
through  the  shell  so  that  the  couplings  were  subjected 
to  the  same  test  pressure  as  the  other  manifold  compo- 
nents. After  testing,  pressure  was  reduced  to  800  psi 
when  the  manifold  was  encased  in  concrete. 

A  roll-out  section  with  sleeve  couplings  was  in- 
stalled at  the  junction  of  each  manifold  and  down- 
stream discharge  pipe  (Figure  552).  This  section  is 
capable  of  accommodating  differential  movement  be- 
tween the  plant  structure  and  discharge  pipe  and  pro- 
vides a  full-diameter  access  to  the  inside  of  the 
manifold  and  discharge  pipe.  It  is  rail-mounted  for 
ease  of  transverse  movements,  as  required.  The  roll- 
out section  is  located  in  a  room  accessible  both  from 
inside  the  plant  and  also  by  an  overhead  access  hatch 
located  outside  the  plant  at  ground  level. 

Underground  Discharge  Line  Tunnels.  Under- 
ground discharge  line  tunnels  are  considered  to  be  the 
safest  and  most  reliable  method  for  conveying  water 
from  A.D.  Edmonston  Pumping  Plant.  Surrounding 
rock  is  reasonably  strong  along  the  underground 
alignment  so  the  discharge  line  tunnels  are  steel-lined 
with  internal  pressure  resisted  by  composite  action  of 
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Figure  552. 


Installing  Middle  Ring  for  Sleeve  Coupling 
a  Roll-Out  Section 


the  steel  liner  and  the  rock  mass.  Each  tunnel  is  12 
feet  -  6  inches  in  diameter  from  the  manifold  to  about 
midpoint  of  the  overall  length,  where  it  enlarges  to  14 
feet  in  diameter.  Total  length  of  each  discharge  line 
tunnel  is  approximately  8,300  feet. 

The  selected  profile  provided  minimum  length  and 
best  alignment  to  meet  the  basic  requirements  for  ex- 
cavation and  installation  of  the  liner.  To  facilitate  un- 
derground work,  an  adit  was  constructed  at  about 
midpoint  of  the  conduit.  The  adit  also  allowed  mid- 
point access  into  the  completed  tunnel  lines  by  means 
of  a  roll-out  section,  similar  to  the  one  at  the  manifold. 

The  specification  for  steel  liner  plates  was  the  same 
as  that  used  in  the  manifold.  Plate  thicknesses  were 
required  from  '/2  to  l'/2  inches.  Design  stress  was  70% 
of  yield  stress  or  approximately  35,000  psi.  Liner  units 
were  furnished  in  40-foot  lengths  and  shop-tested  to 
90%  of  yield  stress. 

A  testing  program  was  established  to  determine  de- 
formation modulus  of  the  rock  throughout  the  length 
of  the  tunnels  because  this  factor  controlled  steel-liner 
thickness.  The  program  included  laboratory  testing  of 
rock  specimens  and  jacking  tests  performed  in  re- 
cesses excavated  in  side  walls  of  the  tunnels.  At  a  few 
tunnel  sections  with  less  than  minimum  strength 
rock,  additional  reinforcing  was  provided  around  the 
liner  shell  by  butt-welded  steel  reinforcing  bar  hoops 
placed  in  the  concrete  envelope. 

Steel  tunnel  liners  also  were  designed  to  resist, 
when  dewatered,  an  external  hydrostatic  pressure 
equal  to  the  height  of  water  extending  from  the  tunnel 
to  the  ground  surface  directly  above  (Figure  553). 
External  stiffener  rings  constituted  the  principal  rein- 
forcement for  these  external  loads. 

Following  installation  of  the  steel  liner,  the  space 
between  the  tunnel  wall  and  the  liner  was  backfilled 
with  concrete.  After  placement  of  backfill,  voids  in  the 
surrounding  rock  and  backfill  were  pressure-grouted 
through  pipe  fittings  welded  to  the  steel  liner  shell. 
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Figure  553.     Typical  Steel  Tunnel  Liner 


Figure  554.     Conduits  Meeting  Under  Surge  Tank  Base  and  Orifices  Into 
Tank 


A  two-stage  hydrostatic  test  was  made  on  the  com- 
pleted conduits.  Bulkheaded  lower  reaches  of  both 
conduits  were  tested  first  because  the  static  pressure 
had  to  be  higher.  Second-stage  testing  was  then  ap- 
plied to  the  entire  conduits.  Tests  were  successful  and 
the  conduits  were  approved  for  service. 

Surge  Tank.  A  50-foot-diameter,  steel,  surge  tank 
68  feet  high  is  installed  over  the  upper  end  of  the 
discharge  conduits.  The  tank  is  designed  for  future 
extension  to  a  height  of  108  feet,  required  when  the 
plant  is  operating  at  full  capacity.  Under  the  tank,  the 
two  14-foot-diameter  discharge  conduits  converge 
into  one  23'/2-foot  pjpe  which  carries  the  water  into 
Tehachapi  Tunnel  No.  1,  and  then  through  subse- 
quent tunnels  downstream  (Figure  554).  The  surge 
tank  is  directly  connected  to  each  14-foot-diameter 
conduit  by  a  14-foot  orifice. 

The  tank  provides  a  free  water  surface  in  the  sys- 
tem, controls  transient  pressures  by  providing  a  relief 
point  for  pressure  waves,  and  prevents  water  column 
separation  in  the  vertical  conduit  bend  immediately 
upstream  of  the  tank  in  the  event  of  a  sudden  loss  of 
pumping  capability  at  the  plant. 

A  roll-out  section  is  provided  in  each  14-foot  pipe  at 
the  base  of  the  surge  tank,  and  a  lift-out  section  is 
installed  for  access  into  the  23'/2-foot  pipe. 

Backflow  from  the  downstream  tunnel  system  in 
the  Tehachapi  Division  (see  Volume  II  of  this  bulle- 
tin) can  be  prevented  by  two  168-inch  butterfly  valves 
installed  in  each  conduit  on  the  upstream  side  of  the 
tank.  With  these  valves,  either  discharge  conduit  can 
be  drained  without  interruption  of  pumping  and  both 
conduits   can   be   drained    without   dewatering   the 


downstream  tunnels.  A  5-foot  relief  pipe  exits  into  the 
tank  to  bypass  any  pumping  flow  if  a  pump  should  be 
accidentally  started  with  one  of  the  butterfly  valves 
closed. 


Mechanical  Features 

A.  D.  Edmonston  Pumping  Plant  was  designed  to 
lift  4,410  cfs  1,926  feet  in  a  single  lift  from  where  it 
flows  by  gravity  across  the  Tehachapi  Mountains. 

Prior  to  selection  of  the  single-lift  scheme,  three 
possible  lift  plans  were  selected  for  complete  engi- 
neering analysis:  a  single-lift  scheme  of  2,000  feet,  a 
two-lift  scheme  of  1,000  feet  each,  and  a  three-lift 
scheme  of  about  670  feet  each. 

Because  of  the  lack  of  experience  in  the  United 
States  with  large  high-head  pumping  plants,  the  De- 
partment of  Water  Resources,  as  part  of  its  engineer- 
ing program  for  the  Tehachapi  crossing,  entered  into 
a  contract  with  Daniel,  Mann,  Johnson,  and  Menden- 
hall  of  Los  Angeles,  in  association  with  Motor-Colom- 
bus  of  Baden,  Switzerland,  for  a  research  and  pump 
model  testing  program.  This  program  was  to  deter- 
mine and  analyze  the  feasibility,  reliability,  and  effi- 
ciency factors  for  each  lift  system.  Major  emphasis 
was  placed  on  a  model  analysis  of  a  single-stage  model 
to  serve  in  a  three-lift  system,  a  two-stage  model  to 
serve  in  a  two-lift  system,  and  a  four-stage  model  to 
serve  in  a  single-lift  system.  The  two-stage  and  four- 
stage  pump  models  were  built  and  tested  by  European 
firms  with  long  experience  in  high-head  pump  design 
and  manufacture.  A  single-stage  pump  model  was 
built  and  tested  in  the  United  States. 
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The  models  manufactured  for  the  pump  study  were 
tested  for: 

1.  Head,   capacity,  efficiency,   and   net   positive 
suction  head 

2.  Normal  and  abnormal  operating  conditions 
(three-quadrant  study) 

3.  Pressure  fluctuations 

4.  Inlet  velocity  distribution 

5.  Axial  and  radial  thrust  forces 

These  tests  provided  the  basic  information  neces- 
sary for  designing  A.  D.  Edmonston  Pumping  Plant 
and  analyzing  its  operation. 

The  pump  performance  test  was  to  determine  if  the 
manufacturer  met  the  head-capacity  and  efficiency 
guarantee  of  the  contract.  The  award  of  contract  and 
the  guaranteed  efficiency  were  determined  as  follows. 
The  procurement  of  these  pumps  was  through  the 
bidding  process  with  award  of  contract  to  the  lowest 
evaluated  responsible  bidder.  The  requirements  were 
that  each  bidder  submit  a  model  of  the  pump  to  a 
preselected  independent  laboratory  for  determination 
of  pump  performance,  including  efficiency.  These 
tests  were  performed  at  the  National  Engineering 
Laboratory  (NEL),  East  Kilbride,  Glasgow,  Scotland, 
under  extreme  secrecy  and  security  to  prevent  the 
competitors  knowing  each  other's  performance  re- 
sults. 

A  "dead  band"  allowance  of  0.2%  was  applied  to 
three  prequalified  bidders'  comparative  prototype  ef- 
ficiencies determined  by  the  model  tests.  This  allowed 
for  scatter  and  inaccuracy  in  the  comparative  model 
testing.  Efficiencies  in  the  "dead  band"  were  consid- 
ered equal  for  purposes  of  the  evaluation  and  each 
efficiency  more  than  0.2%  below  the  highest  compara- 
tive prototype  efficiency  was  evaluated  on  its  depar- 
ture from  the  "dead  band".  This  procedure  is: 

Bidding  Procedure 


Bidder 

Efficiencies,  as  a  percentage 

A 

B 

C 

Comparative  prototype  efficiency  (%).. 
Departure   from   highest   comparative 

91.4 
0.5 
0.3 

91.7 
0.2 
0 

91.9 
0 

Departure  from  "dead  band"  or  "eval- 

0 

For  bid  evaluation  purposes,  $210,000  was  added  to 
the  bidder's  total  price  for  each  0.1%  of  "evaluated 
difference."  For  example,  $630,000  would  be  added  to 
the  total  price  of  Bidder  A  for  comparison  with  the 
other  bidders. 

The  efficiencies  determined  at  NEL  projected  to 
the  prototype  were  92.2%  for  the  BLH/Voith  pumps 
and  92.4%  for  the  AC/Sulzer  pumps.  Field  efficiency 
tests  were  conducted  recently  on  the  BLH/Voith 
pump.  Inaccuracies  of  1.5%  in  field  testing  were  al- 


lowed in  the  specifications,  resulting  in  a  minimum 
field  efficiency  of  90.7%.  A  91.4%  efficiency  was 
achieved,  not  taking  into  account  leakage  water 
through  the  shaft  seals  and  balancing  labyrinth.  Con- 
sideration of  the  leakage  water  would  reduce  the  effi- 
ciency to  approx  91.1%,  which  is  substantially  above 
the  minimum. 

General 

The  ultimate  mechanical  installation  at  A.  D.  Ed- 
monston Pumping  Plant  will  include  14  pumps  and 
discharge  valves,  8  cranes,  and  auxiliary  equipment. 

Chapter  I  of  this  volume  contains  information  on 
the  mechanical  equipment  for  this  plant  common  to 
other  plants.  Information  and  descriptions  unique  to 
this  plant  are  included  in  the  following: 

Equipment  Ratings 


Pumps 

Manufacturer:         Pumps  Nos.  W2, 

Allis-Chalmers 

W4,  W6,  and  W8 

Manufacturing 

Company 

Pumps  Nos.  El, 

Baldwin-Lima- 

E3,  E5,  E7,  E9, 

Hamilton 

Ell,  and  E13 

Hydraulic  Design:  Units  Nos.  W2, 

Sulzer  Brothers 

W4,  W6,  and  W8 

Limited, 

Winterthur, 

Switzerland 

Units  Nos.  El, 

J.  M.  Voith 

E3,  E5,  E7,  E9, 

Company 

Ell,  and  E13 

Heidenheim, 

Germany 

Efficiency:               Units  Nos.  W2, 

W4,  W6,  and  W8  92.4% 

Units  Nos.  El, 

E3,  E5,  E7,  E9, 

Ell,  and  E13 

92.2% 

'W  refers  to  west-wing  and  'E'  refers  to 

the  east-wing  units 

Type:                           Vertical-shaft, 

four-stage, 

centrifugal 

Discharge,  each: 

315  cfs 

Total  Head: 

1,970  feet 

Speed: 

600  rpm 

Minimum 
Submergence:        71  feet 
Pump  Discharge  I  alves 

Manufacturer:  Allis-Chalmers  Manufacturing  Company 
Type:  48-inch-diameter,  spherical,  with  movable  seats 
Surge  Tank  I  alves 

Manufacturer:  Willamette  Iron  and  Steel  Company 
Type:  168-inch,  metal-seated,  butterfly 
Cranes 
Manufacturer:  Crane  Hoist  Engineering  and  Manufacturing 

Company 
Type:  105-ton,  electric,  cab-operated,  indoor,  overhead,  travel- 
ing, bridge 
Manufacturer:  Fulton  Shipyard 

Type:  10-ton,  electric,  cab-operated,  outdoor,  traveling,  gantry 
Manufacturer:  M.  P.  McCaffrey,  Inc. 
Type:  65-ton,  rubber-tired,  outdoor,  gantry 

Eleven  pump  units  are  presently  (1974)  installed 
and  operating.  The  remaining  three  units  are  sched- 
uled for  operation  in  1983. 
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Pumps 

The  pumps  are  the  vertical-shaft,  four-stage,  cen- 
trifugal type  directly  connected  to  vertical-shaft  syn- 
chronous, motors.  All  pumps  rotate  counterclockwise 
as  viewed  from  the  motor  end  (Figures  555,  556  and 
557). 

Each  pump  unit  includes  an  inlet  transition,  suction 
bend,  casing,  discharge  spiral,  extension  pipe,  com- 
pensation joint,  upper  and  lower  self-lubricating  bear- 
ings, upper  and  lower  shaft  seals,  removable  shaft 
coupling,  hydraulic  downthrust  control  labyrinth, 
renewable  wearing  rings,  and  stainless-steel  impellers 
(Figures  558,  559,  560,  and  561). 

The  impellers  are  one-piece,  enclosed,  single-suc- 
tion, cast  from  13%  chrome  steel  conforming  to 
ASTM  Designation  A296,  Grade  CA-15,  heat-treated 
to  a  hardness  of  248  to  302  BHN. 

The  pumps  are  entirely  exposed  and  designed  to  be 
moved  out  of  their  normal  position  on  horizontal  rails 
to  crane  service  areas  for  maintenance  or  repair  (Fig- 
ure 562).  Compensation  joints  on  the  pump  exten- 
sions relieve  the  hydraulic  thrust  from  the  pump 
mountings.  The  compensation  joints  located  between 
the  pump  extension  pipes  and  the  discharge  valves 
also  function  as  expansion  joints  (Figures  563  and 
564) .  The  pumps  are  started  watered  as  discussed  later 
in  this  chapter. 


Figure  556.     Shop  Assembly  of  West  Wing  Pump  for  Hydrostatic  Test 


Figure  555.     Cutaway  View  of  West  Wing  Pump 


Figure  558.      Pump  Shaft  Assembly 
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Figure  562.     Completing  Assembly  of  West  Wing  Pomp 


COMPENSATION    JOINT 


Figure  563.     Cross  Section  Through  Compensation  Joint 


figure  561.      Inverted    View    of    Fixed    Part    of    Balancing    Labyrinth — 
West  Wing  Pump 


Figure  564.     Compensation  Joint 
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Some  of  the  major  problems  which  developed  dur- 
ing the  initial  operating  period  are: 

1.  Excessive  hydraulic  downthrust — The  total 
downthrust  on  the  "W"  (west  side)  units  exceed- 
ed the  thrust  bearing  rating  by  27%.  The  manu- 
facturer was  able  to  lower  the  downthrust  to  the 
bearing  rating  by  modifying  the  pump  balancing 
labyrinth. 

2.  Coating  failure — Pump  Unit  No.  W2  had  epoxv 
coating  on  its  interior  ferrous  surfaces  which  did 
not  adhere  to  the  pump  surfaces  and  peeled  off 
requiring  complete  disassembly  to  remove  the 
epoxy.  The  surfaces  were  subsequently  recoated 
with  red  lead. 

3.  Labyrinth  failure — The  balancing  labyrinth  on 
Unit  No.  El 3  seized  soon  after  being  put  into 
operation.  The  failure  was  apparently  due  to  the 
use  of  cap  screws  that  were  shorter  than  specified 
and  of  the  wrong  material. 

4.  Cavitation  damage — The  first-stage  impellers  of 
the  "W"  pumps  suffered  severe  cavitation  dam- 
age almost  immediately  after  each  pump  went 
into  service.  The  manufacturer  tried  to  remedy 
this  by  injecting  air  into  the  suction  and  chang- 
ing the  contours  of  the  first-stage  impeller  vanes 
but  was  not  successful.  Subsequent  model  tests  of 
the  suction  bend  revealed  that  a  vortex  formed 
near  the  bottom  of  the  bend.  The  vortex  went 
upward  and  entered  the  impeller  eye  near  the 
outer  shroud,  striking  each  vane  as  the  unit  rotat- 
ed. Various  changes  in  configuration  were  made 
in  an  attempt  to  eliminate  the  vortex.  The  op- 
timum solution,  and  the  one  selected,  consisted 
of  adding  boundary  layer  fences  on  the  bottom  of 
the  suction  bend  and  a  bell-like  suction  device  in 
the  throat  of  the  bend.  This  modification  re- 
duced the  noise  level  considerably;  however, 
without  air  injection,  there  is  still  distinct  crack- 
ling emanating  from  the  suction.  The  introduc- 
tion of  air  into  the  suction  piece  causes  th( 
crackling  to  entirely  disappear.  At  this  time, 
there  is  insufficient  operating  time  on  the  pumps 
to  determine  if  the  modifications  were  effective 
in  reducing  the  cavitation  damage  sufficiently  to 
meet  the  specification's  cavitation  requirements. 

Pump  Discharge  Valves 

The  pumps  in  each  wing  are  manifolded  into  one 
discharge  line  approximately  8,700  feet  long.  Because 
of  the  manifolding,  it  was  necessary  to  install  a  valve 
on  each  pump  discharge  to  act  as  a  pump  check  to 
simplify  pump  operation  and  maintain  a  full  dis- 
charge line  (Figures  565,  566,  and  567). 

The  pump  discharge  valves  have  movable  metal 
seats  on  both  the  upstream  and  downstream  sides  of 
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Figure  565.      Discharge  Valve  and  Compensation  Joint  Gollery 


Figure   567.     Partially  Assembled  Valve 
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the  valve.  The  main  parts  of  the  valve  consist  of  a 
flanged  body  and  a  sphere  or  plug  with  a  full  opening 
the  same  size  as  the  pump  discharge  (Figures  568,  569, 
and  570).  The  plug  can  be  rotated  90  degrees  inside 
the  valve  body  by  a  hydraulic  cylinder  attached  to  a 
lever  arm  connected  to  the  trunnion.  The  movable 
seats  are  annular  rings  that  butt  against  the  fixed  seats 
on  the  plug  for  sealing.  The  movable  seats  are  actuated 
by  oil  pressure  in  an  annular  cavity  on  each  side  of  the 
seat  ring.  The  "O"  rings  seal  these  cavities  from  the 
water  in  the  discharge  lines.  The  seats  are  fully  re- 
tracted during  plug  rotation.  The  plug  has  trunnions 
integrally  cast  with  a  removable  lever  arm  attached  to 
a  hydraulic  cylinder  for  turning  the  sphere.  The  hy- 
draulic cylinder  and  the  movable  seats  are  operated  by 
hydraulic  oil  pressure  created  by  compressed  air  in  an 
air-over-oil  accumulator.  These  valves  will  close  au- 
tomatically upon  power  failure,  utilizing  the  energy 
stored  in  the  accumulator.  The  downstream  seat  nor- 
mally remains  open  with  the  upstream  seat  providing 
operating  service.  The  intent  of  this  design  was  to 
have  the  equivalent  of  two  valves  in  series,  one  operat- 
ing as  a  shutoff  valve  and  the  other  as  a  back-up  valve. 
If  the  operating  seat  needs  repair  or  replacement,  the 
downstream  seat  will  be  activated  for  shutoff,  allow- 
ing the  other  pumps  in  the  wing  to  continue  opera- 
tion. 

Four  major  problem  areas  which  developed  during 
the  initial  operation  of  these  valves  were: 

1.  Malfunction  or  leaking  of  the  seat  "O"  rings. 

2.  The  cap  screws  attaching  the  stationary  seat 
rings  to  the  valve  plug  were  loose. 

3.  Slamming  of  the  float-operated  check  valve 
located  in  the  hydraulic  system  accumulator. 

4.  Control  system  failures. 

In  May  1972,  during  preparation  for  the  initial  start 
of  Unit  No.  E5,  after  manually  opening  the  down- 
stream seat,  it  was  noted  that  water  was  contaminat- 
ing the  oil  system  past  the  "O"  rings.  Operators  were 
unable  to  close  the  downstream  seat  until  an  external 
pressure  source  was  used  causing  it  to  finally  close.  A 
review  of  this  condition  concluded  that  since  the  wa- 
ter pressure  in  the  discharge  line  was  approximately 
850  psi  and  the  seat  operating  pressure  was  approxi- 
mately 500  psi,  a  serious  operational  problem  exists  if 
defective  "O"  rings  were  present.  The  valve  manufac- 
turer was  consulted  and  finally  recommended  that  a 
high-pressure  (1,000-psi),  separate,  oil  accumulator 
system  be  installed  to  actuate  the  seats  of  each  valve. 
The  500  psi  was  retained  as  a  back-up  for  the  1,000-psi 
seat  system  and  remained  the  power  source  for  move- 
ment of  the  valve  plug. 

An  opportunity  to  inspect  the  "O"  rings  presented 
itself  in  August  1972,  when  the  eastside  discharge  line 
was  dewatered  to  inspect  the  valve  seats.  This  inspec- 
tion confirmed  the  assumption  that  the  rings  were 
defective  by  evidence  of  large  cuts  and  gouges  in  the 
rings.  Also,  it  was  found  that  the  rings  were  too  long, 
which  may  have  contributed  to  the  damage. 


Figure  568.     Plug  Casting  Removed  From  Mold 


Figure  569.      Plug  Casting — Upgraded  and  Heat-Treated 


Figure  570.     Completed  Plug  Casting 
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The  second  problem  became  apparent  during  the 
investigation  of  the  "O"  rings  when  a  1-inch  cap  screw 
was  discharged  from  the  silt  blowoff  line  on  the  valve 
on  Unit  No.  El.  The  only  possible  location  from 
which  this  cap  screw  could  have  come  was  the  hold- 
down  bolts  on  the  plug  or  fixed  seat.  All  the  spherical 
valves  were  inspected,  and  loose  cap  screws  were 
found  on  all  valves.  Severe  damage  occurred  to  both 
the  movable  and  fixed  seat  on  the  valve  on  Unit  No. 
El.  This  defect  in  the  valves  was  corrected  by  tighten- 
ing and  spot  welding  all  the  cap  screws. 

The  third  problem  occurred  in  the  accumulator  of 
the  500-psi  hydraulic  system.  The  inlet-outlet  pipe  on 
this  pressure  tank  has  a  6-inch  float-operated  valve 
that  slammed  closed  violently  on  initial  operation  of 
the  discharge  valve  after  the  system  had  remained  idle 
for  several  weeks.  (The  purpose  of  the  float-operated 
valve  is  to  prevent  air  from  entering  the  hydraulic 
system.)  This  unacceptable  operation  could  result  in 
collapsing  of  the  float  and  damage  to  the  valve  linkage, 
which  could  leave  the  entire  hydraulic  system  inoper- 
able. It  was  theorized  that  the  hydraulic  oil  in  the  pipe 
on  the  vented  side  of  the  cylinder  was  draining  back 
to  the  oil  sump,  leaving  a  void  in  the  pipe.  During 
initial  operation  of  the  hydraulic  system,  the  void  did 
not  create  sufficient  resistance  to  the  oil  supplied  from 
the  accumulator,  allowing  high-velocity  oil  to  flow 
around  the  float  causing  the  valve  to  slam.  The  solu- 
tion to  the  problem  was  installation  of  a  loop  in  the 
pipe  to  prevent  drainage  of  the  hydraulic  oil. 

The  fourth  problem  occurred  in  operation  of  the 
control  equipment.  Failures  had  occurred  on  the  seat- 
limit  switches,  float  switches,  and  cam-operated  limit 
switches.  Poor  electrical  contacts  were  found  on  the 
electric  clutches  in  the  sequencing  circuit,  and  the 
push-pull  cable  used  to  transmit  valve  plug  position  to 
the  cam  stop  had  failed.  The  valve  sequencer  also  had 
been  affected  by  spray  painting  of  the  moving  se- 
quencer mechanism. 

Each  valve  failure  was  and  will  continue  to  be  inves- 
tigated to  determine  the  cause  of  the  malfunction  and 
the  necessary  corrective  action  taken. 

Equipment  Handling — Cranes 

There  are  five  identical,  105-ton,  electric,  cab-oper- 
ated, indoor,  overhead,  bridge  cranes  in  the  plant.  One 
crane  operates  in  the  service  and  motor-generator 
bays,  and  two  cranes  on  common  tracks  serve  each 
plant  wing.  The  bridge  cranes  are  used  for  assembly 
and  maintenance  of  the  main  pumps  and  motors,  mo- 
tor-generator sets,  and  plant  auxiliary  equipment 
(Figure  571). 

Two  identical,  10-ton,  outdoor,  gantry  cranes  on  the 
forebay  decks  handle  the  pump  intake  bulkhead  gates 
and  trashracks  (Figure  572).  A  65-ton,  rubber-tired, 
gantry  crane  integrally  powered  is  used  for  handling 
the  pump  discharge  valves  (Figures  573,  574,  and  575). 


The  rated  capacities,  and  speeds  of  the  bridge  cranes 
are: 


105 

1 

105 

Rated  capacity  of  auxiliary  hoist,  tons 

Maximum  lift,  main  hoist,  feet — inches 

Maximum  lift,  auxiliary  hoist,  feet — inches.. 

25 
84'— 6" 
91'— 6" 

54 

Hook  speeds — feet  per  minute  (fpm) 

3.2 

15.7 

Bridge  speed — fpm  (5  step)  variable 

Trolley  speed — fpm  (5  step)  variable 

82 
32.4 

Figure  572.      10-Ton  Gantry  Crane 
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Figure  573.     65-Ton  Rubber-Tired  Gantry  Crane 
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Figure  574.     Closeup  View  of  65-Ton  Gantry  Crane 


Brakes  are  provided  for  hook,  trolley,  and  crane 
travel.  They  include  both  the  electric  and  hydraulic 
shoe  type,  with  shunt  coil  and  manual  release  lever. 

The  rated  capacity  and  speeds  of  the  10-ton  gantry 
cranes  are: 


Rated  capacity,  tons 

Number  of  trolleys 

Span,  feet — inches 

Hoist  speed  with  maximum  working  load, 
fpm 

Gantry  travel  speed  with  maximum  working 
load,  fpm 

Trolley  travel  speed  with  maximum  working 
load,  fpm 

Maximum  lift,  feet — inches 


10 
1 

18'— 3" 

4  to  5 

30  to  40 

3  to  5 
82'— 6" 


The  rated  capacity  and  speeds  of  the  65-ton  gantry 
crane  are: 


Rated  capacity,  tons 

Hoist  speed  with  maximum  working  load, 

fpm  (variable  speed) 

Gantry  travel  speed  with  maximum  working 

load,  fpm 

Gantry  travel  speed  with  no  load,  fpm 

Maximum  lift,  feet — 

Span,  feet 


Oto  10 

30  to  50 

150  to  400 
100 
IS 


Figure  575.      Partial  Assembly  of  Gantry  Crane  Power  Plant 


The  rubber-tired  gantry  crane  has  four  wheels  with 
two  16.00  X  25,  24-ply-rating,  rubber  tires  on  each 
wheel.  Two  wheels  are  used  for  both  driving  and 
steering.  The  remaining  two  wheels  are  supported  on 
hydraulic  cylinders  which  balance  the  load  between 
them  so  that  all  four  wheels  can  take  the  load  without 
deflecting  the  frame. 

A  diesel  engine-driven  hydraulic  power  unit  is  used 
for  the  main  propulsion  and  hoist  drives.  The  hydrau- 
lic system  also  powers  the  steering  and  jacking  ar- 
rangements. The  hydraulic  jacks  raise  the  crane  off 
the  rubber-tired  wheels  during  storage  and  for  tra- 
versing the  load  from  side  to  side.  The  crane  is  con- 
trolled from  the  operator's  platform  mounted  on  the 
crane  or  from  a  remote  control  panel. 

Filling  and  Dewatering  of  Discharge  Lines 

The  two  discharge  lines  are  approximately  8,700 
feet  long  and  each  has  a  volume  of  over  16  million 
gallons.  There  will  be  times  when  it  is  necessary  to 
drain  the  discharge  lines  for  inspection  and  mainte- 
nance. Separate  pumps  were  installed  to  fill  the  dis- 
charge lines  (Figure  576).  These  fill  pumps  are 
required  only  when  both  discharge  lines  are  empty. 
With  one  discharge  line  filled,  the  other  line  can  be 
filled  through  a  valved  cross  connection  at  the  crest  of 
the  discharge  lines.  Since  the  lines  rise  approximately 
1,900  feet  in  elevation,  the  potential  energy  of  the 
stored  water  is  substantial.  Under  1,900  feet  of  head, 
the  spouting  velocity  is  350  feet  per  second.  In  order 
to  drain   the   lines  safely,  energy-dissipating  valves 
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Figure  576.     Discharge  Line  Fill  Pumps 


Figure  577.      Energy-Dissipating  Valve 


were  provided  (Figure  577).  The  valves  are  a  three- 
stage  poppet  type  with  the  poppets  mounted  on  a 
common  shaft.  Each  stage  was  designed  to  reduce  the 
upstream  pressure  by  50%  with  the  last  stage  dis- 
charging into  the  forebay.  Fifteen  hours  are  required 
to  lower  the  water  to  forebay  elevation.  To  drain  the 
remaining  portion  of  the  discharge  line,  including  the 
manifold,  the  flow  from  the  pressure-reducing  valve  is 
diverted  to  the  plant  drainage  system  and  pumped 
into  the  forebay. 

Surge  Tank  Valves 

A  butterfly  valve  was  installed  in  both  the  east  and 
west  discharge  lines  upstream  of  the  surge  tank.  The 
valves  are  used  for  shutoff  service  to  isolate  the  dis- 
charge lines  for  inspection  and  maintenance.  The 
valves  are  168  inches  in  diameter  and  weigh  approxi- 
mately 109,000  pounds  each,  including  cylinder  and 
downstream  and  upstream  nipples.  There  are  two 
metal  seat  rings  with  the  body  ring  being  externally 
adjustable.  The  valves  have  horizontal  discs,  stub 
shafts,  and  a  latch  to  hold  them  in  the  fully  open 
position  (Figures  578  and  579). 

A  hydraulic  cylinder  rotates  the  disc  90  degrees 
from  the  fully  closed  position  to  the  fully  open  posi- 
tion. The  valve  body  was  designed  for  a  working  pres- 
sure of  65  pounds  per  square  inch  gauge  (psig),  and 
the  valve  disc  was  designed  for  a  full  65-psig  differen- 
tial pressure  across  the  disc. 

The  valve  operator  is  the  clevis  or  trunnion-mount- 
ed type  and  is  vertically  supported  at  the  floor  of  the 
valve  vault.  The  operating  mechanism  is  composed  of 
an  operating  cylinder,  piston,  piston  rod,  rod  pivot, 
connecting  pin,  locking  device,  operating  lever,  swivel 
joint,  and  mounting  bracket. 

The  cylinder  is  double-acting,  with  the  control  sys- 
tem designed  to  simultaneously  vent  one  side  of  the 
cylinder  to  the  oil  sump  tank  and  allow  oil  to  enter  the 
other  side  under  high  pressure  from  the  accumulator 
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Figure  578.     Shop  Testing  of  168-Inch  Butterfly  Valve 


Figure  579.      Fabrication  of  Disc  for  168-Inch  Butterfly  Valve 
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bank.  The  rate  of  valve  movement  is  controlled  by 
adjusting  the  pressure  on  the  discharge  side  of  the 
cylinder  by  means  of  flow  control  valves. 

The  valve  is  normally  held  in  the  open  or  closed 
position  by  oil  pressure  in  the  operating  cylinder.  A 
manually  operated  mechanical  lock  (two  pins)  on  the 
rod  pin  of  each  cylinder  locks  the  valve  in  the  closed 
position  for  maintenance.  The  operator  and  associated 
hydraulic  system  are  designed  to  provide  a  safe 
smooth  opening  with  a  pressure  differential  of  25  psig 
across  the  disc. 

The  hydraulic  systems  include  the  following  equip- 
ment: hydraulic  power  unit;  accumulator  system; 
emergency  close  system;  cylinder  lock  system;  and  the 
necessary  piping,  wiring,  and  instruments.  The  fluid 
power  supply  consists  of  a  fluid  reservoir  complete 
with  filler  breather,  sump  heater,  low-level  switch, 
liquid-level  gauge,  clean-out  covers,  hydraulic  pump 
motor,  hydraulic  pump,  suction  filter,  relief  valve, 
check  valve,  pressure  filter,  and  shutoff  valve.  A  valve 
control  panel  on  the  end  of  the  fluid  power  supply 
consists  of  hydraulic  control  valves,  pressure  switches, 
pressure  gauges,  suction  gauge,  and  shutoff  and  drain 
valves. 

The  accumulator  system  consists  of  the  accumula- 
tor rack  with  1 3  bladder-type  accumulators,  a  nitrogen 
pressure  vessel,  and  nitrogen  bottles  with  regulators. 
The  emergency  close  system  is  used  to  close  the  but- 
terfly valve  if  electrical  or  hydraulic  power  fails.  The 
system  consists  of  a  nitrogen  bottle  with  regulator, 
hose,  and  a  quick-connecting  coupling. 

A  lock  system  holds  the  butterfly  valve  in  the  open 
position  without  hydraulic  pressure  supplied  to  the 
operating  cylinder.  The  system  consists  of  a  single- 
acting  hydraulic  cylinder  controlled  by  a  two-posi- 
tion, cam-actuated,  directional  valve.  The  opening  of 
the  168-inch  butterfly  valve  is  by  local  operation  only. 
The  closing  of  the  valve  is  either  by  remote  control 
from  the  plant  or  by  local  operation. 


Electrical  Features 

General 

The  electrical  installation  includes  a  230-kV  switch- 
yard, power  transformers,  motors,  starting  motor- 
generator  sets,  switchgear,  bus,  and  auxiliary  systems 
for  station  service,  communication,  and  protection  of 
equipment  and  personnel. 

Chapter  I  of  this  volume  contains  information  on 
the  electrical  equipment  and  systems  for  this  plant 
which  also  are  common  to  other  major  plants  in  the 
State  Water  Project. 

Description  of  Equipment  and  Systems 

The  230-kV  switchyard  receives  power  over  a  sin- 
gle-circuit transmission  line  with  two  bundled  con- 
ductors, 1,590  MCM,  ACSR  per  phase.  It  was  designed 
for  the  main-and-transfer  bus  arrangement.  Six  bays 
switch  and  protect  the  transmission  line,  four  load 
lines  to  the  pumping  plant,  and  one  transfer  bay  for 
connecting  the  two  buses.  One  circuit  breaker  in  each 
bay  interrupts  the  transmission  line  or  load  lines  in 
event  of  faults  in  the  plant  or  on  the  line  (Figure  580). 
Breakers  also  are  used  in  maintenance  of  the  lines  and 
equipment  and  for  normal  switching  operations.  The 
breaker  in  the  transfer  bay  is  utilized  as  a  substitute 
breaker  for  any  one  of  the  other  five  opened  for  in- 
spection or  maintenance.  The  transfer  breaker  pro- 
tects the  transmission  or  load  lines  during  that  period. 
A  disconnect  switch  is  on  each  side  of  each  of  the 
circuit  breakers  for  opening  during  maintenance  of 
the  breaker. 

Each  of  the  four  230-kV  ioad  lines  to  the  plant  is 
connected  to  two  power  transformers  through  a  dis- 
connect switch,  which  will  allow  any  transformer  to 
be  isolated  from  the  line.  Lightning  arresters  were 
installed  at  the  transmission  line  connection  to  the 
switchyard  and  at  each  transformer. 


Figure  580.     230-kV  Air-Blast  Circuit  Breaker 


Figure  581.      128-MVA  Transformers 
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Eight  power  transformers  ultimately  will  be  in- 
stalled at  the  plant,  four  on  the  discharge  side  of  each 
wing  (Figure  581).  Seven  transformers  were  installed 
initially.  Voltage  is  reduced  from  230  kV  to  14.4  kV 
for  the  pump  motors  and  station  service  and  to  7.2  kV 
for  the  motor-generator  sets.  Two  pump  motors  are 
connected  to  each  transformer  except  for  two  trans- 
formers where  each  supplies  one  motor,  one  motor- 
generator  set,  and  the  station  service  load. 

The  14.4-kY  system  starts  at  the  power  transform- 
ers and  extends  to  the  pump  motors  and  station  serv- 
ice transformers.  Circuit  breakers  were  installed  in 
each  feeder.  The  breakers  interrupt  the  circuit  to  a 
motor  or  station  service  transformer  in  the  event  of 
abnormal  conditions  or  are  for  normal  switching  op- 
erations. 

The  7.2-kV  system  originates  at  two  of  the  power 
transformers  for  supply  to  the  motor-generator  sets. 
Breakers  installed  in  each  feeder  protect  and  operate 
the  loads,  as  required. 

The  pump  motors  drive  the  main  pumps  and  are 
started  normally  by  means  of  the  motor-generator  set 
or  may  be  started  full-voltage,  across-the-line,  under 
emergency  conditions.  Motors  are  wye-connected 
with  the  high-voltage  winding  of  a  distribution  trans- 
former connected  in  series  with  the  grounded  neutral. 
A  resistor  and  relays  are  connected  in  the  low-voltage 
winding.  The  transformer-resistor  combination  limits 
ground  fault  currents  and  also  detects  abnormal 
ground  currents  for  tripping  the  motor  circuit  break- 
er. Surge  equipment,  consisting  of  lightning  arresters 
and  capacitors,  is  in  the  line  side  of  each  motor  to 
protect  it  from  transient  overvoltages  caused  by  light- 
ning or  switching  surges. 

The  station  service  system  has  two  transformers  to 
supply  either  end  of  a480-volt  substation  (Figures  582 
and  583).  Transformers  reduce  voltage  from  14.4  kV 
to  480  volts  and  are  connected  to  the  secondary  break- 
ers with  high-capacity  480-volt  bus.  Connected  to  the 
secondary  bus  are  480-volt  feeder  breakers  for  distri- 
bution of  power  to  various  motor  control  centers, 
power  distribution  centers,  and  lighting  distribution 
centers,  located  throughout  the  plant. 

Switchboards  house  protective  relaying,  instru- 
ments, meters,  annunciators,  and  the  local  control 
panel.  These  boards  are  supplied  for  each  pumping 
unit  (Figure  584). 

Revenue  metering  equipment  was  installed  in  the 
switchyard.  The  equipment  is  located  in  the  transmis- 
sion line  bay  and  measures  total  energy  supplied  at  230 
kV. 

The  plant  and  pumping  units  normally  will  be  con- 
trolled from  the  control  room.  A  computer  control 
system  in  the  control  room  controls,  monitors,  logs 
data,  annunciates,  and  displays  all  functions  of  the 
plant  and  switchyard  for  operation  of  the  pumping 
units.  In  addition  to  operating  the  plant  from  the  con- 
trol room,  equipment  was  installed  which  permits  op- 


eration of  each  unit  in  the  local  mode  at  its 
switchboard  (Figure  585).  A  panel  on  each  switch- 
board, with  control  devices  and  indicating  lights,  se- 
lectively starts  certain  equipment  until  the  full 
starting  cycle  is  complete.  Each  auxiliary  piece  of 
equipment  also  may  be  started  from  motor  control 
centers  and  distribution  centers;  however,  this  would 
be  done  only  during  initial  start-up,  after  major  main- 
tenance, or  to  accomplish  a  limited  test. 


Figur 


583.      480-Volt  Station  Service  Substation 
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The  San  Joaquin  Area  Control  Center  and  the  Sac- 
ramento Project  Operation  Control  Center  connect  to 
the  plant  control  computer  in  the  control  room.  A 
description  and  discussion  of  these  control  systems  are 
included  in  Volume  V  of  this  bulletin. 


Figure  585.     Closeup  of  Unit  Control  Board 


Equipment  Ratings 
Motors 
Manufacturer:     Westinghouse  Electric 

Corporation 
Type:  Vertical-shaft,  synchronous 
Horsepower:  80,000 
Speed:  600  rpm 
Power  factor:  95% 
Volts:  14,400 

Motor-Generator  Sets 
Motor 

Manufacturer:  Westinghouse  Electric  Corpo- 
ration 
Type:  Horizontal-shaft,  wound-rotor 
Horsepower:  35,000 
Speed:  720  rpm 
Primary  volts:  7,200 

Generator 
Manufacturer:  Westinghouse  Electric  Corpo- 
ration 
Type:  Horizontal-shaft,  synchronous 
Capacity:  20,000  kVA 
Speed:  600  rpm 
Power  factor:  95% 
Volts:  14,400 

Power  Transformers 

Transformers  Nos.  1  and  2 
Manufacturer:  Westinghouse  Electric  Corpo- 
ration 
Type:  OA,  three  winding 
Volts:  230-kV  primary  winding,  wye 

14.4-kV  secondary  winding,  delta 
7.2-kV  secondary  winding,  delta 
kVA:  78,000,  primary  230-kV  winding 

67,000,  secondary  14.4-kV  winding 

30,000,  secondary  7.2-kV  winding 

Taps:  In  the  primary  winding,  2%  and   5% 

above  and  below  rated  voltage 
Connection:  Grounded-Wye — Delta 

Transformers  Nos.  3  through  7 
Manufacturer:  Westinghouse  Electric  Corpo- 
ration 
Type:  OA,  two  winding 
Volts:  230-14.4-kV 
kVA:  128,000 

Taps:  In  the  primary  winding,   2%  and   5% 
above  and  below  rated  voltage 

Station  Service 

Number  of  transformers:  2 
Volts:  14,400— 480Y/277 
Phase:  3 

kVA:  3,000/4,000 
Type:  AA/FA 

Emergency  engine-generator:   300  kW,  480  volts, 
3  phase,  60  Hz 
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Motor  Starting  Method 

Starting  of  the  80,000-hp  600-rpm  motors  required 
careful  evaluation.  The  method  selected  will  be  dis- 
cussed first,  followed  by  alternative  methods  consid- 
ered with  reasons  for  their  rejection.  The  multistage 
pumps  are  started  with  water  in  the  pump  casing,  thus 
requiring  the  motors  to  develop  high-starting  and 
pull-in  torques.  Daily  starts  for  off-peak  pumping  im- 
pose a  severe  starting  duty. 

The  starting  method  selected  utilizes  a  wound-rotor 
motor  driving  a  synchronous  generator  (Figure  586). 
With  the  motor-generator  (M-G)  set  spinning  freely 
(disconnected  from  the  utility  line)  and  slowing 
down,  the  pump  motor  to  be  started  is  electrically 
connected  to  the  synchronous  generator.  The  result  is 
to  accelerate  the  pump  motor  and  decelerate  the  M-G 
set  until  their  speeds  are  equal.  At  this  time,  excitation 
is  applied  to  the  pump  motor  and  the  generator  from 
a  separate  excitation  source  to  synchronize  the  two 
machines  at  a  reduced  frequency.  The  wound-rotor 
motor  of  the  M-G  set  is  then  accelerated,  thereby  in- 
creasing speed  and  frequency  of  the  generator  and 
pump  motor.  When  line  frequency  is  reached  (60  Hz), 
the  pump  motor  is  synchronized  to  the  utility  power 
source  and  the  excitation  system  switched  from  the 
separate  to  a  direct-connected  system.  The  generator 
is  separated  from  the  pump  motor  and  the  wound- 
rotor  motor  is  deenergized. 

Two  motor-generator  sets  were  installed.  Normal- 
ly, one  set  is  used  on  half  of  the  plant  and  the  other  set 
starts  motors  in  the  other  half.  If  one  M-G  set  is  not 
available,  the  starting  bus  connections  may  be 
switched  so  the  other  set  can  start  all  motors  in  the 
plant.  The  two  independent,  separate,  excitation  sys- 
tems can  be  similarly  employed  (Figure  587).  The 
allowable  temperature  rise  for  the  M-G  sets  was  speci- 
fied in  the  procurement  specification.  This  allowed 
the  manufacturer  to  establish  the  horsepower  rating. 
The  duty  cycle  of  each  M-G  set  was  established  as  two 
consecutive,  complete,  plant  starts  of  14  pumping 
units  with  six  minutes  between  successive  motor 
starts  and  a  one-hour  interval  between  the  two  plant 
starts. 

Use  of  a  M-G  set  for  starting  pump  motors  results 
in  the  most  favorable  conditions  for  the  pump  motor. 
Temperature  in  amortisseur  windings  and  shock  to 
stator  winding  are  reduced  to  a  minimum.  This  instal- 
lation should  result  in  maximum  motor  life  without 
rewinding.  No  objectionable  voltage  dips  are  involved 
on  the  utility  transmission  line. 

Starting  with  reduced  frequency  rather  than  zero 
frequency  was  selected  because  of  uncertainty  regard- 
ing the  ability  of  the  M-G  set  to  start  at  a  slow  enough 
speed.  If  the  M-G  set  started  too  rapidly,  the  pump 
motor  could  not  break  away  and  accelerate  at  the  same 
rate.  The  same  result  could  occur  if  the  pump  motor 
and  generator  happened  to  stop  at  an  unfavorable, 
relative,  electrical  position.  This  would  allow  the  M-G 


set  to  commence  rotation  ahead  of  the  pump  motor 
and  reach  too  high  a  speed  before  the  electrical  posi- 
tions coincided. 

Starting  with  reduced  frequency  also  results  in  a 
minimum  starting  inrush  for  the  wound-rotor  motor. 
This  was  necessary  to  meet  restrictions  set  by  the 
utility  company.  This  starting  method  was  better  for 
the  application  in  spite  of  the  additional  capital  and 
maintenance  costs  caused  by  the  additional  equip- 
ment, which  includes  the  M-G  sets,  speed  control  sys- 
tem, and  separate  excitation  system. 

In  addition  to  being  started  with  the  M-G  sets  at 
reduced  frequency,  the  motors  also  are  capable  of  full- 
voltage  starting  as  an  induction  motor.  Full-voltage 
starting  is  to  be  used  only  when  both  M-G  sets  are 
inoperable. 


Figure   587.      Storting  E 
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Starting  Sequence  With  Motor-Generator  Set 

The  following  sequential  description  for  starting  a 
pump  motor  with  a  motor-generator  set  includes  only 
operation  of  the  main  equipment. 

1.  Close  the  motor-operated  disconnect  switch  be- 
tween the  pump  motor  and  the  starting  bus 
(Figure  588). 

2.  Close  the  wound-rotor  motor  breaker. 

3.  Open  the  wound-rotor  motor  breaker  when  the 
speed  reaches  420  rpm. 

4.  Close  the  generator  breaker. 

5.  Close  the  generator  field  breaker  to  apply  exci- 
tation from  the  separate  excitation  system.  The 
pump  motor  and  the  generator  are  now  con- 
nected together  electrically.  The  pump  motor  is 
accelerating  and  the  M-G  set  is  decelerating. 


80,000-Horsepower  Motor  Exciter 


6.  The  starting  excitation  field  breaker  for  the 
pump  motor  will  close  automatically,  applying 
excitation  from  the  separate  system  when  the 
slip  frequency  is  2.5%  or  less. 

7.  Close  the  wound-rotor  motor  breaker  after  the 
generator  and  pump  motor  have  synchronized. 

8.  The  liquid  rheostat  will  decrease  resistance, 
causing  the  M-G  set  and  pump  motor  to  acceler- 
ate. 

9.  The  pump  motor  running  breaker  will  close 
when  the  bus  voltage  is  in  phase  and  the  fre- 
quency is  matched  to  the  incoming  line. 

10.  Close  the  running  excitation  field  breaker  to 
apply  excitation  to  the  pump  motor  from  its 
direct-connected  exciter  (Figure  589). 

11.  The  starting  field  breaker  for  the  pump  motor 
will  open  simultaneously  with  the  closing  of  the 
running  field  breaker. 

12.  Open  the  generator  breaker. 

13.  Open  the  wound-rotor  motor  breaker. 

14.  Open  the  generator  field  breaker. 

15.  Open  the  starting  bus  motor  operated  discon- 
nect switch. 

The  pump  motor  is  now  synchronized  with  the  nor- 
mal power  supply  and  ready  to  pump  with  the  open- 
ing of  the  discharge  valve.  The  M-G  set  is  either 
available  for  starting  another  pumping  unit  or  is  shut 
down. 

Alternative  Motor  Starting  Methods 

Various  methods  considered  for  starting  the  motors 
are  briefly  discussed  for  the  following  methods: 

1.  Full-voltage  starting 

2.  Reactor  starting 

3.  Induction  frequency  changer  starting  set 

4.  Capacitor  starting 

5.  Hydraulic  turbine  and  generator  starting 

6.  Reversible  pump-turbine  starting 

Full-Voltage  Starting.  The  motor  is  started  as  an 
induction  motor  by  closing  directly  across  the  line. 
After  approaching  synchronous  speed,  field  excitation 
is  applied  and  the  motor  synchronized.  Direct-con- 
nected exciters  are  utilized  for  each  motor.  This 
method  requires  minimum  accessory  equipment,  re- 
sulting in  minimum  first  cost  and  lowest  maintenance 
for  the  plant  equipment. 

The  disadvantages  with  this  method  of  starting  are 
caused  by  the  high  inrush  current.  Inrush  was  es- 
timated to  be  300  to  400%  of  rated  current.  Actual 
value  of  inrush  measured  during  testing  was  408%  of 
normal.  Maximum  temperature  in  amortisseur  wind- 
ings and  maximum  stress  on  stator  coils  would  be 
experienced  during  starting.  Since  comparable  motors 
of  the  same  rating  and  starting  duty  had  not  been 
manufactured,  it  was  necessary  to  project  design  data 
from  other  motors.  This  resulted  in  some  disagree- 
ment among  manufacturers  as  to  whether  these  mo- 
tors could  be  built  and  operated  with  across-the-line 
starting  without  excessive  maintenance. 
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The  high-voltage  drop  on  the  230-kV  system  would 
not  be  acceptable  to  the  utility  company  if  any  of  the 
motors  were  to  be  started  daily.  It  would  be  necessary 
to  construct  a  500-kV  transmission  line  and  terminal 
switching  facilities  to  provide  a  system  capable  of 
daily  starting  of  the  motors.  The  annual  cost  increase 
to  provide  a  500-kV  system  for  the  plant  was  estimated 
to  be  $50,000. 

Across-the-line  starting  was  selected  as  an  accepta- 
ble alternate  method  to  start  the  motors  if  the  motor- 
generator  sets  (selected  method)  were  not  operable. 
The  high  annual  cost  of  a  500-kV  system  and  the  un- 
certainty of  designing  a  motor  for  repeated  across-the- 
line  starts  were  the  major  factors  in  rejecting  this  sys- 
tem for  the  normal  starting  method. 

Reactor  Starting.  The  motor  is  started  at  a  re- 
duced voltage  as  an  induction  motor.  Voltage  is  then 
increased  by  steps  as  the  motor  accelerates.  As  syn- 
chronous speed  is  approached,  excitation  is  applied 
and  the  motor  synchronized.  Various  voltage  steps  are 
obtained  by  using  reactors  in  series  with  the  motor 
windings.  As  the  motor  speed  increases,  reactance  is 
switched  out  of  the  circuit  in  steps,  thereby  increasing 
the  voltage  across  the  motor  terminals.  Voltage  steps 
also  could  be  obtained  with  multiple  taps  in  the  sec- 
ondary of  the  power  transformers. 

Reduction  of  voltage  on  the  motor  terminals  during 
starting  reduces  shock  on  the  stator  windings  which 
would  eliminate  much  uncertainty  regarding  ability 
to  design  a  motor  for  repeated  starting.  The  use  of 
reactor  starting  results  in  increased  space  require- 
ment, capital  costs,  and  maintenance  costs. 

Induction  Frequency  Changer  Starting  Set.  This 
procedure  uses  a  wound-rotor  motor  and  synchronous 
generator.  It  utilizes  the  principle  that  when  having 
the  rotor  (primary)  winding  energized  from  the  230- 
kV  bus  (through  a  transformer),  voltage  and  fre- 
quency in  the  stator  of  the  wound-rotor  motor  ap- 
proach zero  as  the  set  approaches  synchronous  speed. 
The  pump  motor  is  connected  to  the  stator  circuit  of 
the  wound-rotor  motor  when  the  M-G  set  is  rotating 
at  synchronous  speed.  The  synchronous  generator  is 
then  gradually  loaded  with  high-resistance  loads,  caus- 
ing the  set  to  slow  down.  As  the  set  slows,  voltage  and 
frequency  in  the  stator  are  increased,  which  causes  the 
pump  motor  to  start  and  accelerate. 

This  starting  method  produces  a  minimum  disturb- 
ance to  the  utility  system  and  minimum  shock  to 
pump  motor  windings;  however,  high  first  cost  and 
maintenance  will  result.  The  main  objection  to  this 
method  of  starting  was  the  lack  of  experience  in  the 
manufacture  and  operation  of  this  size  equipment  for 
this  application. 

Capacitor  Starting.  The  motor  is  started  as  an  in- 
duction motor,  accelerated,  and  synchronized  to  the 
line.  Capacitor  banks  are  switched  out  of  the  circuit  as 
the  motor  accelerates  to  equalize  the  var  component  of 
the  motor  starting  kV A. 


The  motor  experiences  maximum  heating  and 
winding  stress  during  starting.  Transient  currents 
and  voltage  harmonics  may  be  introduced  into  the 
line,  although  excessive  voltage  dips  will  be  eliminat- 
ed. Capacitor  banks  of  the  required  rating  have  not 
been  built.  Space  and  seismic  requirements  would 
cause  considerable  cost  increase  for  the  bus  and 
capacitors. 

Hydraulic  Turbine  and  Generator  Starting.     This 

is  a  reduced-frequency  method  of  starting  using  a  pel- 
ton-type  hydraulic  turbine  and  a  synchronous  genera- 
tor connected  electrically  to  the  pump  motor.  Water 
is  passed  through  the  turbine  to  accelerate  the  genera- 
tor and  motor.  Excitation  is  applied  to  synchronize 
the  two  electrical  machines  at  a  reduced  speed. 

Starting  severity  on  the  motor  is  reduced  to  a  mini- 
mum and  line  disturbance  is  also  at  a  minimum.  All 
equipment  is  within  required  experience  limits. 

The  main  disadvantage  of  this  method  is  cost.  Hy- 
draulic requirements  for  the  turbine  results  in  ar- 
rangement problems  with  the  hydraulic  passages  and 
the  building  structure.  Water  supply  at  a  high  head  is 
required  for  the  initial  starts. 

Reversible  Pump-Turbine  Starting.  This  starting 
method  utilizes  a  pumping  unit  operated  in  reverse  as 
a  turbine-generator  to  supply  power  to  a  pump  motor. 
The  pump  motor  is  connected  electrically  to  the  gen- 
erator and  started  at  reduced  frequency  and  brought 
up  to  synchronous  speed  by  increasing  reverse  water 
flow  in  the  pump  (turbine). 

Advantages  of  this  method  are  the  lack  of  voltage 
surges  in  the  transmission  line  and  the  minimum  se- 
verity of  starting  duty  on  motors.  Costs  would  be  low. 

The  main  problem  is  the  lack  of  sensitive  speed 
control  on  the  unit  being  used  as  a  turbine-generator. 
Throttling^water  flow  with  a  spherical  valve  is  not 
considered  satisfactory  because  of  cavitation  and  lack 
of  adequate  control.  The  second  main  disadvantage  is 
the  inability  to  start  the  last  unit.  Whenever  full 
pumping  is  not  required  or  when  a  spare  unit  is  avail- 
able, the  last  required  unit  may  be  started  by  this 
method.  At  other  times,  the  last  unit  must  be  started 
across-the-line.  This  is  objectionable  because  of  the 
utility  requirements  and  duty  on  the  motor.  The  num- 
ber of  starts  made  while  placing  the  plant  in  operation 
would  have  made  the  reversible  pump-turbine  start- 
ing a  poor  selection. 

Speed  Control  System  for  the  Motor-Generator  Sets 
The  speed  control  system  for  each  M-G  set  consists 
of  a  liquid  rheostat,  a  heat  exchanger,  electrolyte 
pump,  control  unit,  rotating  amplifier,  and  pilot  mo- 
tor. The  liquid  rheostat  is  connected  in  the  secondary 
or  rotor  circuit  of  the  wound-rotor  motor  to  provide 
smooth  and  stepless  acceleration  of  the  M-G  set  and 
pump  motor  (Figure  590). 

In  selecting  the  elements  of  the  speed  control  sys- 
tem, consideration  was  given  to  a  grid  resistor  as  an 
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alternate  to  the  liquid  rheostat.  The  grid  resistor 
would  be  switched  in  steps  to  regulate  the  speed  of  the 
M-G  set.  The  advantages  of  the  liquid  rheostat  were 
considered  to  be  stepless  speed  control,  no  capacity 
limit,  ease  of  dissipating  heat,  and  directly  comparable 
equipment  already  designed  and  in  use.  The  disadvan- 
tage was  that  switching  of  the  grid  resistors  causes 
power  surges  which  may  exceed  the  limit  set  by  the 
utility  company. 

After  placing  the  liquid  rheostat  in  service,  experi- 
ence demonstrated  the  need  to  control  the  tempera- 
ture of  the  electrolyte.  Different  temperatures  of  the 
solution  caused  a  varying  resistance  and  erratic  action 
of  the  liquid  rheostat.  Timing  of  the  control  circuits 
was  affected  adversely.  Both  heaters  and  coolers  were 
installed  to  assist  in  maintaining  a  more  uniform  tem- 
perature. 

Excitation  Systems 

Two  excitation  systems  are  utilized  for  each  motor. 
One  system  has  a  direct-connected  exciter  on  the 
pump  motor  for  use  after  the  motor  is  started  and 
synchronized.  The  second  system  consists  of  two  sepa- 
rate motor-generator  sets  to  provide  excitation  during 
starting  of  the  pump  motor.  A  bus  system  provides  the 
flexibility  to  connect  either  excitation  M-G  set  to  any 
pump  motor  during  starting.  Normally,  one  M-G  set 
will  provide  service  to  the  west  wing  and  the  other 
M-G  set  to  the  east  wing.  Excitation  switchgear  and 
voltage-regulating  equipment  complete  the  excitation 
systems. 

Consideration  was  given  to  three  types  of  excitation 
systems:  (1)  a  single,  separate,  excitation  system  for 
all  units;  (2)  individual  direct-connected  exciters;  and 
(3)  individual  static  exciters.  Since  the  decision  was 
made  to  synchronize  each  pump  motor  at  a  reduced 
frequency  with  the  generator  of  a  M-G  set,  the  use  of 
direct-connected  exciters  during  the  starting  cycle 
was  precluded  since  the  excitation  voltage  would  not 
be  high  enough  at  the  reduced  speeds.  Although 
necessary  for  starting,  the  separate  excitation  system 
was  not  considered  to  be  most  suitable  for  normal 
motor  operation.  Investigations  of  plants  designed 
prior  to  Edmonston  had  concluded  that  the  reliability 
of  a  direct-connected  exciter  was  the  major  factor  in 
selecting  the  direct-connected  system.  The  additional 
complication  of  starting  motors  on  the  same  bus  with 
running  motors  indicated  that  selection  of  two  excita- 
tion systems  was  the  most  desirable. 

From  investigations  during  design  of  other  plants, 
it  was  concluded  that  manufacturing  and  operating 
experience  with  static  exciters  was  too  limited.  The 
adaptability  of  static  exciters  to  motors  with  horse- 
power ratings  as  large  as  Edmonston  was  even  more 
indeterminable. 


230-kV  Interconnections 

The  230-kV  facilities  consist  of  a  switchyard,  two 
transformer  yards,  and  associated  equipment. 

The  switchyard  has  a  main-and-transfer  bus  design 
containing  power  circuit  breakers,  a  transmission  line 
disconnect  switch  with  grounding  blades,  disconnect 
or  isolating  switches,  potential  devices,  lightning  ar- 
resters, and  high-voltage  revenue  metering  equipment 
(Figures  591  and  592). 
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One  transmission  line  supplies  power  to  the  switch- 
yard. Four  3-phase  lines  convey  power  from  the 
switchyard  to  the  transformers  at  the  Pumping  Plant 
( Figure  593 ) .  Two  transformers  are  connected  to  each 
line  through  a  disconnect  switch  at  the  transformer. 

Bus  arrangements  considered  were  the  main-and- 
transfer,  ring,  and  breaker-and-one-half.  The  main 
reason  the  main-and-transfer  arrangement  was  select- 
ed was  the  terrain  around  the  plant  allowed  the  yard 
to  fit  between  two  hills  without  excessive  cuts.  The 
narrower  depth  of  the  yard  allowed  less  earthwork. 
This  bus  arrangement  gave  adequate  flexibility  for 
switching  and  maintenance.  The  selected  arrange- 
ment also  allows  for  future  expansion  with  minimum 
costs.  A  second  transmission  line  may  be  required.  It 
also  was  considered  possible  that  other  pumping 
plants  in  the  Project  may  be  supplied  from  this 
switchyard. 

Selection  of  Motor  Switchgear 

The  choice  of  switchgear  for  operating  the  motors 
was  either  station-type  air-blast  breakers  or  the  metal- 
clad  switchgear  with  lower  interrupting  capacity  and 
longer  maintenance-free  life.  The  station-type  breaker 
was  selected  primarily  because  of  its  higher  interrupt- 
ing rating  (Figure  594).  Whenever  a  motor  is  started, 
there  is  a  short  period  of  time  that  the  pump  motor 
and  the  wound-rotor  motor  are  both  connected  to  the 
utility  system.  A  short  circuit  at  the  wound-rotor  mo- 
tor requires  a  breaker  to  have  an  interrupting  capacity 
of  2,500  MVA.  Although  this  hazardous  period  is 
brief,  the  decision  was  made  to  take  the  safer  and  more 
conservative  approach  and  use  station-type  breakers. 
Operating  experience  has  demonstrated  that  the 
breakers  will  operate  without  maintenance  for  a  much 
greater  time  than  was  originally  anticipated. 


Bus  Duct 

Isolated-phase  bus  duct  was  selected  for  installation 
after  consideration  of  the  alternatives  of  cable,  non- 
segregated,  segregated,  and  isolated-phase  ducts  (Fig- 
ure 595).  These  studies  progressed  concurrently  with 
the  study  to  select  the  type  of  breakers. 

Although  isolated-phase  bus  is  the  most  expensive 
of  the  alternatives,  it  is  also  the  most  reliable.  After 
selection  of  the  station-type  breakers,  it  became  more 
desirable  and  consistent  to  use  the  isolated-phase  duct. 
Phase  spacing  of  the  switchgear  and  bus  is  identical, 
making  it  unnecessary  to  design  special  terminations 
for  the  bus.  Bus  type,  insulation,  and  supports  are  the 
same  with  the  selected  bus  and  switchgear.  The  isolat- 
ed-phase bus  duct  has  the  same  system  integrity  as  that 
of  station-type  breakers. 

Motor  Thrust  Bearing  Problem 

Soon  after  the  pumping  units  were  placed  in  opera- 
tion, high  temperatures  in  the  bearing  shoes  were  re- 
corded and  a  thrust  bearing  was  wiped.  All  bearings 
displayed  the  same  problem.  High-pressure  pumps  for 
forcing  oil  between  the  shoe  and  runner  during  start- 
ing and  shutdown  were  specified  in  the  original  motor 
specification.  The  bearings  also  were  specified  to  sus- 
tain starting  friction  without  use  of  the  pumps.  To 
prevent  overheating,  the  manufacturer  chose  to  run 
the  high-pressure  oil  pumps  continuously  during  op- 
eration. This  procedure  was  followed  for  several 
months  while  the  manufacturer  experimented  and 
tested  modifications  to  the  oil-to-water  cooling  sys- 
tem. Recently,  an  attempt  was  made  to  start  with  the 
high-pressure  oil  pump  operating,  then  shut  down  as 
the  motor  accelerated.  The  test  was  not  successful  and 
resulted  in  wiping  the  thrust  bearing.  Corrective 
measures  still  are  being  studied  at  this  report  date. 


Figure  592.      Revenue  Metering  Equipment 


Figure  593.     Transformer  Yard 
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Figure   594.      14.4-kV  Motor  Circuit  Breaker 
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Figure  596.     Aerial  View  of  Plant  Construction 


Construction 

Contract  Administration 

General  information  about  the  various  contracts  for 
the  construction  of  A.  D.  Edmonston  Pumping  Plant 
is  shown  in  Table  12. 

The  principal  construction  contracts  were  Intake 
Channel  Excavation,  Specification  No.  66-38;  Dis- 
charge Lines,  Specification  No.  67-02;  Plant,  Spec- 
ification No.  67-33;  and  Completion  Contract,  Specifi- 
cation No.  69-04  (Figure  596).  There  were  numerous 
other  construction  contracts,  and  some  of  the  individ- 
ual equipment  contracts  rivaled  the  major  construc- 
tion contracts  in  cost  as  well  as  special  problems,  both 
in  the  factory  and  at  the  job  site.  These  included  the 
motor  contract,  Specification  No.  67-58,  for  1 1  80,000- 
hp  motors  and  two  motor-generating  starting  sets,  and 
the  two  main  pump  contracts,  Specification  No.  67-24 
for  seven  eastside  pumps  and  Specification  No.  67-56 
for  four  westside  pumps.  Extensive  model  tests  were 


TABLE  12.     Major  Contracts — A.  D.  Edmonston  Pumping  Plant 


Specification 


Tehachapi  access  roads 

Adit  for  discharge  lines 

Intake  channel 

Discharge  lines 

Discharge  valves.. 

East  wing  pumps  (7) 

Pumping  plant  construction 
West  wing  pumps  (4) 

Motors  and  motor-generator 
sets 

Power  transformers 

Power  circuit  breakers 

168-inch  butterfly  valves  (2) 
14.4-kV  isolated-phase  bus 
and   motor-operated  dis- 
connect switches 

Tehachapi  surge  tank 

65-ton  gantry  crane 

Bridge     cranes     (including 
Pearblossom   Pumping 
Plant) 

Strong-motion  acceleration 
monitoring  system  (in- 
cluding Castaic  Dam  and 
Wheeler  Ridge  Pumping 
Plant).. 

15-kV  switchgear 

Switchboards 

Station  service  equipment- 
Completion  contract 

10-ton  gantry  cranes 

•As  of  November  1974 


63-19 
65-56 
66-38 
67-02 


67-03 
67-24 
67-33 
67-56 


67-58 
68-11 
68-13 
68-14 

68-20 
68-22 

68-25 

68-32 


68-38 
68-42 


68-43 
68-52 


69-04 
69-06 


Low  bid 
amount 


2559,598 

591,707 

5,051,040 

31,225,125 


4,599,228 
11,737,620 
19,638,790 

6,349,998 


7,629,691 

2,312,019 

390,989 

554,951 

1,056,360 
1,181,916 

187,450 

829,400 


106,382 
869,986 

474,638 
457,415 

5,542,075 
149,000 


Final 
contract  cost 


2570,880 

941,338 

5,022,087 

39,198,799 


6,920,252 
14,197,017 
22,312,683 

7,700,000 
(Est.) 

9,745,000 

(Est.) 

2,616,330 

434,000 

(Est.) 

696,634 


1,160,000 

(Est.) 

1,266,660 


196,807 
882,679 


144,673 
975,000 

(Est.) 
520,392 
532,000 

(Est.) 

1,357,539 

155,929 


Total  cost — 
change  orders 


369,998 

12,764 

1,048,849 


1,331,131 

407,504 

2,772,716 


150,843* 

178^959 

4,788 

49,816 

15,165* 
45,740 

-15 

14,774 


23,985 
14,087' 

25,809 
17,561* 

,836,206 
703 


Starting 
date 


7/  9/63 
1/31/66 
8/10/66 
2/20/67 


3/20/67 
11/  1/67 

8/  2/67 
11/14/67 


12/  8/67 
3/  7/68 
3/  7/68 
6/24/68 

5/15/68 
4/  3/69 

9/13/68 

2/20/69 


10/  8/68 
10/  8/68 

12/10/68 
3/20/69 

6/12/69 

4/  4/69 


Comple- 
tion date 


6/17/64 
6/19/66 
10/13/67 
9/30/71 


10/22/73 

5/20/74 

8/13/70 

12/74 

(Est.) 

12/74 

(Est.) 

10/22/71 

12/74 
(Est.) 
8/  5/71 


4/29/74 
8/16/71 

1/15/70 

8/26/70 


8/  4/69 

12/74 

(Est.) 

11/21/71 

12/74 

(Est.) 

6/  4/73 

12/14/70 


Prime  contractor 


Wm.  H.  Schallock 

Gates  &  Fox  Co.,  Inc. 

Griffith  Co. 

Perini   Corp.,   Morrison- 
Knudsen  Co.,  and 
Brown    &    Root,    Inc. 

Allis-Chalmers  Mfg.  Co. 

Baldwin-Lima-Hamilton 

Guy  F.  Atkinson  Co. 

Allis-Chalmers  Mfg.  Co. 


Westinghouse  Electric 

Corp. 
Westinghouse  Electric 

Corp. 
General  Electric  Co. 

Guy  F.  Atkinson  Co. 


General  Electric  Co. 

Perini    Corp.,    Morrison 
Knudsen  Co.,  and 
Brown  &  Root,  Inc. 

M.  P.  McCaffrey,  Inc. 


Crane  Hoist  Engineering 
&  Mfg.  Co. 


Geo-Recon,  Inc. 
General  Electric  Co. 

General  Electric  Co. 

Westinghouse  Electric 

Corp. 
Dravo  Corp. 
Fulton  Shipyard 
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conducted  under  contract  before  manufacturing  of 
the  pumps  actually  to  be  supplied  was  undertaken. 

First  construction  began  in  July  1963  on  Tehachapi 
Access  Roads  under  Specification  No.  63-19  followed 
by  Adit  to  Tehachapi  Discharge  Line  Tunnels,  Speci- 
fication No.  65-56,  in  January  1966. 

Bowl  and  Intake  Channel  Excavation 

Excavation  of  the  bowl  and  intake  channel  for  A.  D. 
Edmonston  Pumping  Plant  was  started  in  August 
1966  (Figures  597  and  598).  During  the  early  phase  of 
excavation,  a  maximum  of  ten  scrapers  was  used,  as- 
sisted by  large  tractors  for  ripping  and  loading.  As  the 
channel  and  bowl  became  deeper,  considerable  blast- 
ing was  required.  Slopes  in  the  intake  channel  and 
bowl  steeper  than  1:1  were  presplit  whenever  ripping 
was  ineffective. 

After  the  blasting  operations,  all  material  that  was 
too  large  for  loading  by  scrapers  was  loaded  by  rub- 
ber-tired loaders  into  end-dump  quarry  trucks. 

Select  material,  from  the  early  phase  of  bowl  and 
intake  channel  excavation,  was  used  for  the  construc- 
tion of  the  east  visitor  overlook,  the  switchyard,  and 
various  service  roads.  Undesirable  materials  were 
hauled  to  spoil  areas. 

Excavation  for  Discharge  Tunnel  Portals 

Excavation  for  the  lower  portals  of  the  discharge 
line  tunnels  was  accomplished  primarily  by  blasting 
after  initial  attempts  at  ripping  were  unsuccessful. 

Grading  of  the  upper  portal  area  started  in  Septem- 
ber 1966.  Two  large  tractors  with  rippers  and  dozer 
blades,  a  tractor  with  slopeboard,  a  rubber-tired  trac- 
tor with  dozer  blade,  a  motor  grader,  and  six  tractors 
towing  scrapers  were  used  during  the  excavation. 
Rock  at  the  face  of  both  upper  portals  was  soft  and 
easily  ripped  (Figure  599). 

Surface  Water  Removal 

A  ditch  with  a  bottom  width  of  12  feet  was  con- 
structed along  the  easterly  side  of  the  intake  channel 
site.  Asphaltic  concrete-surfaced  interceptor  ditches 
were  provided  to  handle  local  drainage. 

Two  60-inch-diameter,  reinforced-concrete,  pipe 
culverts  were  installed  for  drainage  along  the  west 
side  of  the  intake  channel.  Hand-operated  compactors 
were  used  to  compact  the  structural  backfill  for  the 
culverts. 

Flows  from  Escondito  Canyon  were  diverted  by  a 
diversion  dike  away  from  the  pumping  plant  site  in  a 
northwesterly  direction  into  Pastoria  Creek  through  a 
natural  saddle. 

During  construction,  upper  portal  drainage  facili- 
ties consisted  of  one  42-inch  and  three  18-inch,  corru- 
gated-metal, pipe  downdrains  and  two  24-inch, 
corrugated-metal,  pipe  culverts.  In  addition,  an  18- 
inch  culvert  was  installed  under  the  intersection  of 


Figure  599.     Completed  Excavation — Upper  Portal  for  Discha 
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the  two  access  roads.  These  drainage  facilities  were 
constructed  with  three  tractors  with  dozers;  one  trac- 
tor with  a  backhoe  attachment;  a  front-end  loader;  a 
1,100-gallon  water  truck;  a  10-wheel,  5-cubic-yard, 
dump  truck;  and  hand  compaction  equipment. 

Ground  Water  Removal 

A  temporary,  30-inch,  steel,  drainage  pipe  was  in- 
stalled on  the  1,286-foot-elevation  bench  from  the 
southeast  corner  of  the  pumping  plant  bowl,  across 
the  southerly  face  to  the  southwest  corner  of  the  bowl, 
then  northerly  to  intersect  the  west  drainage  ditch. 
All  ground  water  encountered  during  excavation  for 
the  plant  and  discharge  lines  was  pumped  into  this 
drainage  system.  A  mortar-lined  settlement  pond  was 
constructed  to  collect  ground  water  and  concrete  cur- 
ing water  until  the  water  was  pumped  into  the  drain- 
age manifold.  After  completion  of  the  two  sumps  for 
the  Pumping  Plant,  all  water  below  elevation  1,180 
feet  was  directed  into  these  sumps  from  where  it  was 
pumped  through  8-inch  discharge  lines  to  the  settle- 
ment pond. 

Structural  Excavation 

Structural  excavation  started  at  the  northerly  end  of 
the  pumping  plant  east  wing.  In  certain  specified 
areas,  the  final  2  feet  of  excavation  was  not  removed 
until  just  before  the  placing  of  a  protective  gunite 
covering. 

Most  of  the  structural  excavation  was  performed 
using  seven  self-propelled  scrapers  and  seven  large 
tractors  with  dozers.  A  backhoe,  front-end  loader,  and 
an  end-dump  truck  were  used  in  confined  areas  and  to 
remove  access  ramps.  Fine  grading  was  completed 
with  a  grader  and  hand  labor. 

In  the  southerly  portion  of  the  plant  foundation, 
some  blasting  was  required  in  the  diorite  formation. 
All  slopes  steeper  than  1:1  were  presplit  but  only  with 
partial  success. 

The  %:\  and  '/,:1  side  slopes  in  the  area  of  the  two 
sumps  were  unstable  because  of  highly  fractured  rock 
and  lenses  of  sandstone  until  after  the  slopes  were 
flattened  and  the  loose  and  broken  rock  was  scaled  off. 
The  overexcavated  area  was  backfilled  with  concrete 
to  the  originally  planned  slope  lines. 

In  the  excavation  of  the  service  bay,  27-foot-high 
vertical  slopes  were  cut  adjacent  to  the  "E"  and  "W" 
access  roads.  Because  the  formation  was  fractured  and 
unstable,  bin-type  retaining  walls  were  installed. 

Pneumatically  Applied  Mortar 

All  final  excavated  surfaces  susceptible  to  air  slak- 
ing were  covered  with  a  2-inch  layer  of  mortar.  Nearly 
all  of  the  foundation  slopes  were  treated  for  both  the 
east  and  west  wings,  the  extreme  easterly  and  westerly 
portions  of  the  service  bay,  and  the  major  portion  of 
the  finished  cut  slope  above  yard  grade  behind  the 
plant.  The  mortar  was  applied  with  a  gunite  machine. 


Concrete  Operations 

Production.  A  stationary  batch  plant  was  used  for 
concrete  production.  The  batching,  weighing,  and 
dumping  cycle  was  fully  automatic  and  was  complete- 
ly interlocked  to  the  mixing  plant.  The  four  aggregate 
sizes  and  the  water  and/or  ice  were  weighed  individu- 
ally. 

All  admixtures,  with  the  exception  of  pozzolan, 
were  batched  automatically  during  the  weighing  se- 
quence. A  dual  dispensing  system  permitted  the  ad- 
mixtures to  be  premixed  with  either  the  water  or  sand, 
depending  on  the  water-to-ice  ratio  being  used. 

The  mixing  plant  consisted  of  four  2-cubic-yard, 
front-loading,  tilting  mixers.  After  1  '/2  minutes  of  mix- 
ing, the  concrete  was  discharged  directly  into  4-cubic- 
yard  hoppers. 

Transportation.  Freshly  batched  and  mixed  con- 
crete was  dumped  directly  into  either  2-  or  4-cubic- 
yard  concrete  buckets  depending  on  placement  re- 
quirements. The  concrete  buckets  were  transported  to 
a  position  near  the  placement  site  along  trestle-sup- 
ported rails  on  concrete  cars  pulled  by  diesel  locomo- 
tives. Whirley  cranes  then  lifted  the  buckets  from  the 
cars  and  delivered  them  to  the  placement  site  (Figure 
600). 

Placement.  Concrete  placement  was  started  in 
January  1968  (Figure  601).  Structural  concrete  was 
placed  in  approved  planned  lifts,  with  a  placement 
scheduled  nearly  every  day.  When  elevation  1,155  feet 
was  reached,  the  contractor  was  able  to  use  two 
cranes.  The  smaller  crane  was  used  to  set  forms  and 
deliver  reinforcing  steel  to  one  wing,  while  the  larger 
unit  placed  concrete  in  the  other  wing.  Because  of  the 
pumping  plant  symmetry,  forms  were  interchangea- 
ble between  sides. 

During  concrete  construction,  many  design 
changes  necessitated  revisions  in  the  placement,  size, 
and  number  of  reinforcing  bars  used.  When  the  batch 
plant  was  dismantled  in  October  1969,  approximately 
189,500  cubic  yards  of  concrete  had  been  placed  (Fig- 
ure 602). 

Manifolds 

The  discharge  line  manifolds  consist  of  shop-fab- 
ricated circular  sections  of  heat-treated  manganese- 
silicon  steel.  Between  August  and  December  1967, 
fabrication  was  suspended  pending  changes  in  mani- 
fold design  that  included  changing  the  angle  of  inter- 
section from  45  to  60  degrees  and  changing  the 
thickness  of  some  sections.  In  January  1969,  installa- 
tion of  the  east  discharge  manifold  began.  Stress  re- 
lieving of  the  first  joint  began  after  nondestructive 
testing  of  the  field  welding.  Testing  of  the  east  mani- 
fold was  completed  in  June  1969  and  the  west  mani- 
fold in  July  1969.  In  December  1969,  the  interiors  of 
both  manifolds  and  roll-out  sections  were  painted. 
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Figure  602.     Concrete  for  Plant  Structure  Topped  Out 


Structural  Backfill 

Initially,  diorite  was  processed  for  selected  struc- 
tural backfill.  Zone  1  material  was  specified  as  well- 
graded  diorite  with  a  maximum  dimension  of  18 
inches  and  not  more  than  15%  passing  the  No.  4 
screen.  The  maximum  allowable  dimension  of  Zone  2 
material  was  6  inches.  In  October  1969,  the  first  struc- 
tural backfill  was  placed  around  the  embedded  east 
discharge  manifold.  In  April  1970,  the  difficulty  of 
obtaining  suitable  material  from  the  designated  spoil 
areas  prompted  the  decision  to  obtain  material  from  a 
basalt  outcrop  after  tests  determined  that  the  material 
met  specified  requirements. 

Discharge  Line  Tunnel  Adit 

The  adit  to  the  discharge  line  tunnels,  in  addition  to 
providing  a  means  of  access  for  the  construction  and 
maintenance  of  the  discharge  line  tunnels,  was  used  to 
obtain  additional  geologic  information  needed  for  de- 
sign of  the  discharge  lines.  A  revision  in  the  alignment 
of  a  portion  of  the  upper  reach  of  the  discharge  lines 
resulted  from  data  obtained  during  construction  of 
the  adit. 

The  adit  tunnel  is  about  halfway  up  the  mountain. 
A  second  contract,  Specification  No.  71-22,  was 
awarded  in  November  1971  to  improve  the  adit  tunnel 
portal  structure  support  system  and  ventilation  sys- 
tem. 

Adit  Portal  Excavation.  Two  large  dozers 
equipped  with  rippers  were  initially  used  for  portal 
excavation.  As  the  excavation  progressed,  the  dozers 
were  equipped  with  moldboards  fabricated  to  a  shape 
and  section  that  facilitated  cutting  uniform  slopes. 
Material  within  approximately  15  feet  of  the  portal 
invert  required  blasting.  Additional  blasting  was  re- 
quired at  the  east  side  of  the  portal  excavation  area  for- 
drainage  sections  (Figure  603). 

Adit  Tunnel  Excavation.  All  drilling  and  loading 
of  blast  holes  for  tunnel  excavation  were  done  from 
the  three  working  levels  of  a  jumbo  mounted  on  a 
35-ton  chassis.  After  each  blast,  the  muck  was  hauled 
to  the  designated  spoil  area.  After  mucking  operations 
were  complete,  line  and  grade  were  transferred  to  the 
new  heading,  and  the  jumbo  was  brought  back  to  the 
heading  to  install  steel  tunnel  supports  and  timber 
lagging  prior  to  the  next  drill  cycle.  In  rock-bolted 
areas,  the  rock  bolts  were  installed  during  the  drill 
cycle  (Figure  604). 

A  concrete  footing  beam  was  constructed  on  either 
side  of  all  steel-supported  sections  in  the  adit,  includ- 
ing the  portal. 

Geologic  exploration  in  the  tunnel  included  instal- 
lation of  rock  relaxation  meters  and  diamond  core 
drilling. 
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Figure  605.     Plant  Discharge  Lines 


Discharge  Lines 

Tunnel  Excavation.  After  extending  the  previous- 
ly built  discharge  line  tunnel  adit  approximately  120 
feet  to  the  intersection  with  the  east  discharge  line, 
excavation  of  the  upper  east  horizontal  tunnel  was 
started  under  Specification  No.  67-02.  A  specially  de- 
signed, gantry-type,  rail-mounted  jumbo  provided 
two  working  decks,  with  the  lower  deck  being  hinged 
to  provide  access  through  the  unit  for  mucking  ma- 
chines and  hauling  equipment  during  the  mucking 
cycle  (Figure  605).  In  general,  the  rock  conditions  in 
the  upper  east  horizontal  tunnel  were  as  good  or  bet- 
ter than  expected  from  preliminary  investigations, 
and  few  problems  were  encountered  during  excava- 
tion of  this  section.  The  contractor  averaged  100  linear 
feet  of  tunnel  excavation  per  week  and  installed  steel 
supports  throughout. 

Initially,  excavation  for  the  upper  west  horizontal 
tunnel  consisted  primarily  of  trimming  and  squaring 
the  heading  face  to  the  line  and  grade  of  the  west 
discharge  line,  where  it  intersected  the  adit  tunnel. 
Excavation  on  the  full  face  was  performed  using  the 
same  methods  and  equipment  as  on  the  upper  east 
horizontal  tunnel.  In  order  to  stabilize  one  area  where 
a  cave-in  occurred,  a  timber  bulkhead  was  erected  and 
the  entire  rockfall  area  was  grouted.  The  grouted  mass 
was  then  mined  when  excavation  resumed.  Other 
than  this  cave-in,  little  trouble  was  encountered  and 
the  contractor  averaged  96  feet  of  tunnel  per  week. 

Due  to  the  restricted  size  of  the  lower  horizontal 
tunnels,  specially  designed  truck-mounted  jumbos 
were  used  in  lieu  of  the  larger,  rail-mounted,  gantry 
jumbos.  Tunnel  excavation  in  the  lower  horizontal 
tunnels  proceeded  during  construction  of  the  Pump- 
ing Plant.  An  intermediate  muck  pile  near  the  portals 
was  used  and  material  was  transferred  to  the  disposal 
site  at  night,  thereby  relieving  congestion  on  the  serv- 
ice roads.  Rock  encountered  in  the  lower  horizontal 
tunnels  was  not  as  competent  as  in  the  upper  tunnels. 
Several  minor  cave-ins  occurred,  but  progress  still 
averaged  about  100  feet  per  week. 

The  sequence  of  operations  for  the  two  upper  in- 
cline tunnels  was  identical:  ( 1 )  drill  a  9-inch  pilot  hole 
from  the  upper  portal  down  to  the  intersection  with 
the  upper  horizontal  tunnel;  (2)  lower  a  drill  stem 
down  the  pilot  hole,  attach  a  reamer  bit,  and  back- 
ream  a  6-foot-diameter  hole;  and  (3)  drive  the  incline 
to  its  full  diameter  from  the  top,  while  the  muck  falls 
down  the  6-foot-diameter  hole.  Other  than  difficulties 
with  alignment  of  the  pilot  holes  and  intermittent 
plugging  of  the  6-foot-diameter  hole  during  mucking, 
excavation  progressed  at  a  fairly  rapid  and  uniform 
rate  (Figure  606). 

Excavation  of  the  lower  incline  tunnels  was  at- 
tempted in  the  same  manner  as  was  used  in  the  upper 
inclines.  In  the  lower  west  incline  tunnel,  the  pilot 
hole  ended  up  about  32  feet  off  alignment  at  the  bot- 
tom. Attempts  to  back-ream  the  hole  to  a  6-foot  diame- 
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ter  were  unsuccessful.  Similar  problems  were  en- 
countered in  excavation  of  the  lower  east  incline  tun- 
nel. The  pilot  hole  and  back-ream  method  was  then 
abandoned  for  the  lower  incline  tunnels,  and  full-face 
tunnel  excavation  from  the  top  of  the  lower  inclines 
was  employed.  Muck  from  the  excavation  of  the  tun- 
nel was  loaded  into  a  5-cubic-yard  muck  car  at  the 
heading  and  hauled  up  to  the  top  of  the  incline,  where 
it  was  transferred  to  hauling  equipment.  In  the  lower 
east  incline  tunnel,  ground  water  seepage  had  to  be 
pumped  from  the  excavation.  Progress  averaged  32 
feet  per  week. 

Tunnel  Supports.  Rock  bolts  were  installed  in 
concentric  rings,  each  consisting  of  1 1  bolts  on  4-foot 
transverse  and  longitudinal  centers.  This  pattern  was 
used  on  all  horizontal  portions  and  the  upper  inclines 
wherever  rock  conditions  justified  the  use  of  rock 
bolts.  In  areas  of  poorer  rock  quality,  steel  sets  were 
used  (Figure  607).  Their  spacing  varied  from  2  to  6 
feet.  All  of  the  inclines  and  most  of  the  horizontal 
portions  were  supported  with  steel  sets.  All  perma- 
nent lagging,  block,  and  spacers  were  steel,  as  speci- 
fied, and  a  large  quantity  of  this  material  was  installed. 

Subinvert  Backfill.  On  the  horizontal  reaches  of 
the  discharge  line  tunnels,  subinvert  concrete  was 
placed  between  the  "B"  line  and  a  point  2  feet  below 
the  bottom  of  the  steel  liners.  It  provided  a  smoother 
and  better  means  of  access  through  the  tunnels  for 
installation  of  the  liners  and  transportation  of  the  final 
backfill  concrete. 

Steel  Liners.  Installation  of  the  steel  liners  for  the 
horizontal  tunnel  reaches  was  accomplished  by  back- 
ing the  sections  into  place  on  a  transporter  (Figure 
608).  Sections  for  the  inclines  were  placed  by  using  a 
large  crawler  crane  to  lift  them  onto  rails  laid  during 
the  excavation  of  the  tunnels  and  then  lowering  them 
into  position  with  a  cable  hoist.  Special  sliding  shoes 
to  fit  the  rails  were  attached  during  fabrication  of  steel 
sections  used  on  the  inclines. 

Final  Backfill.  For  the  horizontal  reaches,  tunnel 
backfill  concrete  was  pumped  through  an  8-inch  slick- 
line  and  vibrated  into  place.  Groups  of  four  pipe  sec- 
tions were  installed  and  successfully  backfilled  as  a 
unit.  For  the  inclines,  the  placing  procedure  was  simi- 
lar, except  only  three  sections  were  installed  and  back- 
filled as  a  unit.  Concrete  was  gravity  fed  through  a 
6-inch  slickline. 

Both  discharge  lines  between  the  Pumping  Plant 
and  the  portals  of  the  lower  horizontal  tunnels  were 
encased  in  concrete.  Concrete  was  pumped  into  the 
forms  for  both  encasements. 

Grouting.  Contact  grouting  was  performed  to  fill 
the  voids  in  the  arch  portion  of  the  tunnels  between 
the  concrete  backfill  and  the  rock  tunnel  walls.  Con- 
solidation grouting  was  performed  to  fill  the  fissures 
in  the  rock  surrounding  the  tunnel. 


Figure  608.     Transporter  Placing  Steel  Tunnel  liner 
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Surge  Tank 

Foundation.  Excavation  for  the  tank  base  was 
made  to  rough  grade  with  a  tractor  equipped  with 
dozer  and  ripper.  Excavated  material  was  stockpiled 
for  later  use  as  backfill.  The  area  between  the  north 
end  of  the  roll-out  sections  and  the  south  end  of  the 
lift-out  section  was  overexcavated  about  3  inches  and 
backfilled  to  subgrade  with  concrete  in  order  to  pro- 
vide an  all-weather  work  platform. 

Concrete  was  used  to  backfill  the  bottom  part  of  the 
cast-in-place  tunnel  extension,  and  then  stockpiled 
earth  material  was  placed  and  compacted  to  complete 
the  backfill  operation. 

A  vibratory  sheepsfoot  roller  was  used  for  compac- 
tion of  backfill  material  adjacent  to  the  surge  tank 
base,  but  the  material  placed  had  to  be  reworked  to 
achieve  95%  relative  compaction. 

Steel  Assembly.  Field  assembly  and  erection  were 
performed  for  the  surge  tank  shell,  the  14-foot-diame- 
ter  pipe  sections  and  taper  sections,  the  roll-out  sec- 
tions and  track  assemblies,  the  wye  branches,  the 
5-foot-diameter  bypass  system,  the  2  3 '^-foot-diameter 
pipe  section  between  the  surge  tank  and  the  portal  of 
Tehachapi  Tunnel  No.  1,  and  the  lift-out  section. 

An  oiled  sand  cushion  was  placed  and  compacted 
over  the  concrete  base  of  the  surge  tank.  The  tank 
bottom  sections  were  then  positioned  on  top  of  the 
sand  cushion  and  welded  together,  followed  by  the 
placement  of  the  bottom,  preassembled,  shell  section. 
The  remaining  tank  shell  sections  were  then  succes- 


sively placed  and  welded.  Only  the  vertical  seams 
were  completely  welded  during  erection;  welding  of 
the  girth  seams  was  completed  after  the  stiffener  rings 
were  in  place  and  the  tank  was  topped  out.  As  the  shell 
sections  were  lifted  into  place,  the  5-foot-diameter 
bypass  risers  were  extended  section  by  section  to  the 
top  of  the  tank  (Figure  609). 

Completion 

Enormous  quantities  of  electrical  wiring,  lighting 
fixtures,  conduit,  cable  trays,  plumbing,  small  valves, 
as  well  as  the  building  superstructure,  were  installed 
under  the  completion  contract,  Specification  No.  69- 
04. 

Installing  isolated-phase  bus  of  welded  aluminum 
was  difficult.  Various  design  changes,  scheduling 
changes,  and  field  delays  due  to  other  contracts  which 
had  to  be  accomplished  in  a  proper  time  sequence 
resulted  in  change  orders  and  increased  costs.  This 
contract  was  completed  on  June  4,  1973,  almost  seven 
months  later  than  originally  scheduled. 

Field  assembly  of  the  80,000-hp  motors  and  installa- 
tion and  testing  of  the  48-inch  spherical  valves  and 
pressure-reducing  valves  for  dewatering  the  discharge 
lines  were  demanding.  High  downthrust  of  westside 
pumps  and  related  motor  thrust  bearing  failures  re- 
sulted in  protracted  rework.  Required  modifications 
to  the  pumps,  motors,  and  other  mechanical  and  elec- 
trical equipment  were  discussed  previously  in  this 
chapter. 


Figure  609.     Completed  Surge  Tank 
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The  following  engineering  drawings  may  be  found  in  consecutive  order  im- 
mediately after  this  reference  (Figures  610  through  647). 
Figure 
Number 

610  Site  Plan 

611  Typical  Section 

612  Plan— Elevation  1,246.5 

613  Plan— Elevation  1,229.0 

614  Plan— Elevation  1,210.0 

615  Plan— Elevation  1,192.0 

616  Plan— Elevation  1,178.0 

617  Longitudinal  Section 

618  Discharge  Lines — Plan  and  Profile 

619  Tunnel — Section  and  Details 

620  Steel  Liner — Details 

621  Steel  Liner — Profile 

622  Steel  Liner — Profile  (Continued) 

623  Steel  Liner — Profile  (Continued) 

624  Upper  Portal  Buried  Lines 

625  Roll-Out  Section — West 

626  General  Plan — East  Manifold 

627  General  Plan — West  Manifold 

628  Service  and  Switchgear  Air  Systems 

629  Water  System 

630  Dewatering  and  Fill  Systems 

631  Oil  Systems — East  Wing 

632  Oil  Systems — West  Wing 
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Figure  610.     Site  Plan 
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Figure  611.     Typical  Section 
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Figure  612.     Plan — Elevation  1,246.5 
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Figure  613.     Plan — Elevation  1,229.0 
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Figure  614.     Plan — Elevation  1,210.0 
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Figure  615.     Plan — Elevation  1,192.0 
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Figure  616.     Plan — Elevation  1,178.0 
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Figure  617.     Longitudinal  Section 
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Figure  618.      Discharge  Lines — Plan  and  Profile 
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Figure  619.     Tunnel — Section  and  Details 
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Figure  620.     Steel  Liner — Details 
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Figure  621.     Steel  Liner — Profile 
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Figure  622.     Steel  Liner — Profile  (Continued) 
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Figure  623.     Steel  Liner — Profile  (Continued) 
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Figure  624.     Upper  Portal  Buried  Lines 
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Figure  625.     Roll-Out  Section — West 
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Figure  626.     General  Plan — East  Manifold 


530 


Figure  627.     General  Plan — West  Manifold 
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Figure  628.     Service  and  Switchgeor  Air  Systems 
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Figure  629.     Water  System 
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Figure  630.     Dewatering  and  Fill  Systems 


Figure  631.     Oil  Systems — East  Wing 
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Figure  632.     Oil  Systems — West  Wing 
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Figure  633.      Unit  Oil  System 
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Figure  634.     Cooling  Water  System— Main  Pumps  and  Motors 
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Figure   635.      Cooling  Water  System — Motor-Generator  Sets 
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Figure  636.      Discharge  Line  Dewatering  and  Fill  System — West  Wing 
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Figure  637.     Single-Line  Diagram — Plant 
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Figure  638.     Single-Line  Diagram — Unit 
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639.     Single-Line  Diagram — East  Motor-Generator  Set 
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Figure  640.     Single-Line  Diagram — 230-kV  System 
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Figure  641.     Iso-Phase  Bus — Isometric 
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Figure  642.     Switchboard 
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Figure   643.     Unit  Control  Panel 
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Figure  644.     Mimic  Display 
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Figure  645.     480-VAC  System 
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Figure   646.      125-VDC  Syslen 
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Figure   648.     Location  Map — Pearblossom  Pumping  Plant 
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CHAPTER  XIV.     PEARBLOSSOM  PUMPING  PLANT 


General 
Location 

Pearblossom  Pumping  Plant  is  located  near  the 
community  of  Pearblossom  in  Los  Angeles  County 
approximately  25  miles  from  the  City  of  Lancaster 
and  12  miles  east  of  the  town  of  Palmdale.  The  site  is 
adjacent  to  North  116  Street  East  and  north  of  State 
Highway  138,  Pearblossom  Highway  (Figures  648 
and  649). 

Purpose 

This  is  the  southernmost  pumping  plant  on  the  Cal- 
ifornia Aqueduct.  The  water  is  lifted  through  a  nor- 
mal static  head  of  540  feet  from  the  plant,  then  flows 
by  gravity  to  Silverwood  Lake,  through  the  San  Ber- 
nardino Mountains  to  Devil  Canyon  Powerplant,  and 


finally  on  to  Riverside  County  and  Lake  Perris,  the 
terminal  facility  of  the  California  Aqueduct. 

Description 

This  plant,  upon  completion  of  second-phase  devel- 
opments currently  under  construction,  will  have  six 
pumping  units  with  a  total  capacity  of  1,380  cubic  feet 
per  second  (cfs).  Four  pumping  units  were  installed 
in  the  first  phase,  which  was  completed  in  1973  (Fig- 
ures 650  and  651).  The  units  are  vertical-shaft,  single- 
stage,  centrifugal  pumps  directly  connected  to  vertical 
synchronous  motors.  Four  pumping  units  have  a 
capacity  of  276  cfs  each  and  are  powered  by  22,500- 
horsepower  motors.  The  remaining  two  units  have  a 
capacity  of  138  cfs  each  and  1 1,600-horsepower  mo- 
tors. 


Figure  649.     Aerial  View — Pearblossom  Pumping  Plant 


553 


Figure  6S0.      Pearblossom  Pumping  Plant 


Figure  651.      Interior  View  at  Motor  Floor 


The  276-cfs  units  discharge  through  42-inch  spheri- 
cal valves,  and  the  138-cfs  units  discharge  through  30- 
inch  spherical  valves. 

There  aTe  two  manifolds  and  two  discharge  lines. 
Two  large  pumping  units  and  one  small  unit  are  con- 
nected to  each  manifold.  Each  manifold  connects  to  a 
9-foot-diameter  discharge  pipe  approximately  6,300 
feet  in  length. 

Plans  call  for  a  future  extension  of  the  plant  struc- 
ture which  will  increase  the  plant  capacity  by  700  cfs. 
A  third  discharge  pipe  will  connect  the  new  pumping 
units  to  the  existing  third  bay  of  the  siphon  outlet 
structure. 

Representative  drawings  are  included  at  the  end  of 
this  chapter. 

Geology 

Areal  Geology 

The  plant  site  is  near  the  southern  edge  of  the 
broad,  alluvial-filled,  Antelope  Valley.  The  site  area  is 
an  alluvial  fan  which  overlies  an  irregular  granitic 
bedrock  surface.  The  San  Andreas  rift  zone  is  approxi- 
mately 2'/2  miles  south  of  the  site,  creating  topography 
characterized  by  low  hills  and  depressions.  Three  geo- 
logic units  dominate  the  area,  Recent  and  Older  allu- 
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vium  overlying  the  Holcomb  Ridge  quartz  monzonite. 

The  plant  foundation  is  the  Holcomb  Ridge  quartz 
monzonite,  a  deeply  weathered  to  fresh,  intensely 
fractured,  granitic  rock.  This  granitic  bedrock  con- 
tains numerous  veins  and  dikes  of  aplite  and  pegma- 
tite. 

Older  alluvium  is  a  compact,  cohesive,  reddish- 
brown,  arkosic  silty  sand  with  a  trace  of  gravel  and 
cobbles.  Thickness  of  the  Older  alluvium  near  the 
plant  site  ranges  from  0  to  30  feet.  Recent  alluvium  is 
loose,  light  gray,  gravelly  sands  interbedded  with 
compact,  reddish-brown,  silty  sand.  Thickness  of  the 
Recent  alluvium  near  the  plant  site  ranges  from  9  to 
45  feet. 

North  and  west  of  the  plant  site,  alluvium  is  very 
thin  in  contrast  to  the  rest  of  the  area.  The  Older 
alluvium  is  missing  and  may  never  have  been  deposit- 
ed in  this  area.  Depth  to  the  granitic  bedrock  within 
the  excavation  area  is  approximately  60  feet. 

Site  Geology 

The  plant  foundation  is  Holcomb  Ridge  quartz 
monzonite.  Numerous  faults  and  a  well-defined  joint 
system  are  present  in  this  fractured  granitic  forma- 
tion. Design  of  the  structure  was  influenced  by  deep 
weathering  along  the  joint  system  and  by  the  presence 
of  large  amounts  of  expansive  clays,  a  product  of  hy- 
drothermal  alteration  of  the  feldspars. 

Intersecting  joints  and  faults  caused  some  of  the 
steeper  slopes  to  become  unstable,  resulting  in  these 
slopes  being  laid  back.  Some  of  the  more  deeply 
weathered  and  fractured  joints  were  overexcavated 
and  backfilled  with  concrete  or  compacted  backfill. 

During  excavation  of  the  discharge  lines,  a  number 
of  vertical  to  steeply  dipping  faults  and  shears  were 
exposed,  varying  from  12  inches  to  25  feet  in  width. 
The  fault  system  within  this  area  crosses  the  discharge 
lines  roughly  subparallel  to  the  San  Andreas  fault 
zone.  Although  numerous  faults  are  present  in  the 
foundation  rock  of  the  plant  and  discharge  lines,  they 
are  not  considered  active,  but  a  major  quake  along  the 
San  Andreas  zone  could  cause  some  movement. 

Ground  water  was  not  a  major  problem.  The  flows 
were  small  and  drains  were  needed  only  in  the  service 
bay  area. 

Geologic  Exploration 

Thirty-eight  rotary  drill  holes  were  employed  for 
exploring  the  intake  channel,  spill  basin,  and  pumping 
plant  bowl.  Three  of  the  holes  were  drilled  for  re- 
bound gauges  and  three  for  the  installation  of  slope- 
indicator  casing.  A  dragline  trench  was  excavated  to 
a  depth  of  approximately  50  feet  in  the  bowl.  Geo- 
physical exploration  consisted  of  gravity  and  seismic 
refraction  surveys  and  electric  logging  of  12  drill 
holes. 

Instrumentation 

Prior  to  the  initial  site  development,  three  slope- 


indicator  gauges  and  three  rebound  gauges  were  in- 
stalled at  the  plant  site.  The  slope  indicators  were 
monitored  throughout  construction  with  no  signifi- 
cant movement  indicated.  Of  the  three  rebound 
gauges,  one  was  of  the  continuous  reading  type  and 
was  monitored  as  the  site  excavation  proceeded.  The 
other  two  were  buried  at  grade  elevation  and  recov- 
ered when  excavation  was  completed.  The  maximum 
rebound  recorded  for  the  site  development  was  0. 1 1  of 
a  foot. 

Seismicity 

The  seismically  active  east-west  trending  San  An- 
dreas fault  zone  is  2'/2  miles  south  of  the  plant  site.  The 
San  Jacinto  fault,  considered  to  be  the  most  active  in 
Southern  California,  branches  southerly  from  the  San 
Andreas  fault  approximately  5  miles  southwest  of  the 
plant.  Branch  faults  extend  from  these  major  zones 
through  the  plant  area.  It  is  probable  that  earth  move- 
ment will  occur  during  the  life  of  the  plant.  A  major 
earthquake  occurred  February  27,  1969,  with  the  epi- 
center near  Palmdale,  13  miles  from  the  plant. 

Civil  Features 

Preliminary  Studies 

Preliminary  studies  for  Pearblossom  Pumping 
Plant  included  the  following: 

1.  Plant  structure  with  its  civil,  electrical,  and 
mechanical  features. 

2.  Pump  discharge  lines  with  manifolds  and  si- 
phon outlets. 

3.  Pumping  pool. 

4.  Electrical  switchyard. 

5.  Site  development  consisting  of  bowl  excava- 
tion for  the  plant  and  approach  canal,  access  roads, 
and  drainage. 

Location  studies  were  made  which  considered  dif- 
ferent sites  with  surface  and  buried  discharge  lines.  In 
addition  to  optimization,  another  objective  of  the  pre- 
liminary studies  was  to  provide  information  essential 
for  the  design  of  adjacent  project  features.  The  overall 
plant  dimensions  were  required  to  size  the  plant  bowl 
excavation.  This  involved  principally  the  determina- 
tion of  the  size  and  number  of  pumping  units  and 
adequate  space  requirements  for  necessary  mechani- 
cal and  electrical  equipment  and  allowance  for  future 
expansion. 

Site  Development 

Major  features  of  site  development  were: 

1.  Bowl  excavation  for  the  plant  site  and  intake 
canal. 

2.  Excavation  and  compacted  embankment  for 
the  spill  basin. 

3.  Access  roads  and  drainage. 

Average  depth  of  the  bowl  excavation  is  about  75 
feet.  Bowl  dimensions  in  the  east-west  direction  are 
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452  feet  at  the  bottom  and  800  feet  at  the  top.  In  the 
north-south  direction  along  the  intake,  the  excavation 
is  approximately  4,000  feet  long.  Cut  slopes  are  2:1 
with  20-foot-wide  benches  at  25-  to  30-foot  vertical 
intervals. 

The  spill  basin  is  15  feet  deep,  910  feet  long,  and  720 
feet  wide,  and  the  side  slopes  are  2:1.  It  is  not  being 
utilized  in  the  current  operation  of  the  California 
Aqueduct.  However,  under  ultimate  development,  it 
will  provide  storage  for  up  to  one  hour's  flow  of  aque- 
duct water  in  the  event  of  flow  mismatches  or  power 
outage. 

Runoff  from  the  surrounding  area  is  prevented 
from  entering  the  plant  bowl  by  a  protective  dike  on 
the  south,  a  drainage  ditch  on  the  east,  and  a  cutoff 
ditch  on  the  west.  Storm  water  entering  the  bowl  is 
collected  in  ditches  and  routed  through  slope  drains 
into  the  intake  channel. 


Plant  Structure 

Pearblossom  Pumping  Plant  has  three  pump  bays 
(two  pumps  per  bay)  and  a  service  bay.  Each  bay  is 
a  structurally  independent  monolith  separated  by  ex- 
pansion joints.  The  plant  is  275  feet  -  6  inches  long;  the 
substructure  and  superstructure  are  130  feet  and  55 
feet  -  6  inches  wide,  respectively.  The  height  from 
centerline  of  units  to  the  motor  floor  is  24  feet  and 
from  the  motor  floor  to  the  top  of  the  crane  rail  45.5 
feet.  The  general  shape  of  the  lower  portion  of  the 
substructure  for  the  pump  bays  was  governed  by  the 
geometry  of  the  1 3  5-degree  suction  tube.  Size  of  pump 
bays  and  service  bay  was  based  on  space  requirements 
of  pumps,  motors,  and  auxiliary  equipment. 

The  plant  is  located  on  the  westerly  side  of  the  bowl 
to  permit  future  expansion  on  the  east  side  without 
enlarging  the  bowl  excavation.  The  substructure  and 
west  wall  have  shear  keys,  embedded  waterstops,  and 
knockout  panels  designed  for  future  extension. 

The  plant  is  founded  on  granitic  rock  of  variable 
soundness  but  generally  more  than  adequate  for  the 
plant  foundation  loading.  To  control  air  slaking  of  the 
foundation  rock,  all  load  bearing  surfaces  were  coated 
with  a  2-inch  layer  of  wet  mix  shotcrete  as  soon  as 
excavation  reached  the  required  elevation.  Slopes  for 
the  foundation  excavation  varied  from  '/:1  to  6:1.  The 
depth  of  cut  varied,  with  the  maximum  at  the  dewater- 
ing  sump  in  the  service  bay,  which  was  81  feet  below 
the  bottom  of  the  bowl.  During  normal  operations  of 
the  plant,  foundation  loadings  range  from  3,500  to 
7,800  pounds  per  square  foot. 

Waterways 

Intake  Facilities.  Intake  facilities  include  a  chan- 
nel transition,  suction  tubes,  trashracks,  and  bulkhead 
gates. 

The  channel  transition  is  251  feet  long  with  a  16- 
foot  bottom  width  at  the  upstream  end  and  a  189-foot  - 
6-inch  bottom  width  at  the  face  of  the  plant  structure. 


The  transition  is  approximately  15  feet  deep  with  2:1 
side  slopes  and  is  completely  lined  with  concrete. 

Steel  trashracks  were  installed  at  the  upstream  face 
of  the  plant.  They  were  assembled  in  panels  with  ver- 
tical bars  spaced  to  provide  3-inch  clear  spaces.  They 
are  cleaned  by  a  mechanical  rake  which  is  operated  by 
a  10-ton  gantry  crane  that  traverses  the  full  length  of 
the  pumping  plant  deck  at  elevation  2,944  feet. 

Six  structural-steel  bulkhead  gates  are  available  to 
permit  dewatering  of  the  suction  tubes.  When  re- 
quired, they  are  lowered  into  vertical  slots  just  down- 
stream from  the  trashracks  by  a  10-ton  gantry  crane. 
Unlike  most  other  State  Water  Project  plants,  they  are 
stored  in  individual  slots  just  downstream  from  the 
operating  position  slots. 

The  suction  elbows  bend  at  135  degrees  to  meet  the 
invert  of  the  shallow  forebay.  This  bend  also  shapes 
the  plant  base  into  a  wedge  that  is  keyed  into  the 
foundation,  thus  providing  adequate  stability  against 
horizontal  sliding. 

The  suction  elbows  are  part  concrete-  and  part 
steel-lined.  The  liners  are  fabricated  from  welded  steel 
plates  and  are  embedded  in  the  concrete  substructure 
of  the  plant.  A  dewatering  outlet  is  provided  at  the 
low  point  of  each  tube. 

Pump  Discharge  Lines.  Six  Pearblossom  pumps 
lift  water  in  the  California  Aqueduct  through  the  dis- 
charge lines.  There  are  two  parallel  discharge  lines  in 
this  sytem.  Flow  from  Pumps  Nos.  1,  2,  and  3  is  com- 
bined by  a  manifold  into  the  westerly  discharge  line, 
which  is  a  buried  pipeline.  A  similar  manifold  com- 
bines flow  from  Pumps  Nos.  4,  5,  and  6  into  the  east 
discharge  line.  From  pump  to  outlet,  the  length  of  this 
discharge  system  is  6,790  feet. 

Each  of  the  pump  discharge  lines  was  designed  to 
deliver  a  flow  of  690  cfs  to  the  single  siphon  outlet 
structure  with  a  friction  head  loss  of  17.6  feet.  The 
design  pressure  head  at  the  plant  is  767  feet,  which 
includes  an  allowance  for  hydraulic  transients.  Two 
29-foot-diameter  air  chambers  furnish  surge  control 
during  transient  conditions  and  effectively  reduce  wa- 
ter-hammer pressures. 

All  of  the  discharge  lines  are  buried  in  the  granular 
soil,  except  those  inside  the  plant  and  at  the  air  cham- 
ber. In  addition  to  simplicity  of  installation,  buried 
pipes  are  easy  to  anchor,  minimize  right-of-way  prob- 
lems, and  provide  relatively  simple  maintenance  and 
drainage  conditions. 

Many  features  of  these  discharge  lines  have  been 
designed  according  to  criteria  developed  for  the  other 
aqueduct  pumping  plants  and  are  described  in  Chap- 
ter I  of  this  volume.  Prominent  in  these  criteria  is 
articulation.  All  discharge  lines  at  this  plant  have 
joints  which  will  allow  significant  deflection  of  the 
pipe  segments  before  any  leakage  can  occur. 

There  are  five  characteristic  parts  to  the  pump  dis- 
charge lines:  manifolds;  air  chambers;  buried  steel 
pipes;  prestressed-concrete  cylinder  pipes;  and  the  si- 
phon outlet. 
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Manifolds.  The  manifolds  extend  from  the  pump 
discharge  valves  to  the  air-chamber  connections  and 
include  the  valve  tapers,  articulation  sections,  wye 
branches,  and  concrete  encasement  (Figure  652). 

Various  pipe  diameters  are  used  in  the  manifolds  to 
maintain  flow  velocity  at  12.5  feet  per  second  (fps). 
Piping  intersection  angles  at  wye  branches  are  60  de- 
grees. All  manifold  piping  is  encased  in  concrete  for 
anchorage  and  to  resist  external  loads  imposed  by  the 
deep  backfill. 

Air  Chambers.  Spherical  air  chambers  furnish  a 
dampening  action  to  reduce  fluctuations  of  hydraulic 
transients  in  the  6,790-foot-long  discharge  lines.  They 
are  connected  to  the  discharge  lines  by  6-foot  "tee" 
sections.  Because  of  the  29-foot-diameter  and  767- 
pound-per-square-inch  (psi)  design  pressure,  they 
have  been  stamped  as  unfired  pressure  vessels  in  ac- 
cordance with  the  ASME  Code.  The  shells  were  fab- 
ricated from  1%-inch-thick  plates  using  ASTM  A537, 
Grade  A  steel.  Special  sleeve  couplings  with  2 '/-inch 
harness  bolts  are  unique  features  used  to  tie  the  sphere 
to  the  6-foot  pressure  piping.  The  legs  of  the  sphere 
are  also  anchored  into  the  concrete  slab  and  beam 
foundation,  which  is  supported  by  48-foot-deep,  rein- 
forced-concrete,  bell-bottom,  cast-in-place,  concrete 
piles  (Figure  653). 

Buried  Steel  Pipes.  Beyond  the  air-chamber  con- 
nections, two  buried  steel  discharge  lines  on  a  37% 
slope  are  used.  These  have  8-foot  -  6-inch  diameters, 
are  ring-stiffened  and  field-jointed  by  sleeve-type  cou- 
plings on  80-foot  centers.  Lining  is  coal-tar  epoxy  and 
external  coating  is  coal-tar  enamel.  These  steel  pipes 
end  at  the  upper  bend  anchor,  located  at  the  top  of  the 
pumping  plant  bowl,  where  the  pipe  profile  bends 
down  to  the  gentle  slope  of  the  original  ground. 

Prestressed-Concrete  Cylinder  Pipes.  The  main 
length  of  the  twin  discharge  lines  begins  on  the  down- 
stream side  of  the  upper  bend  anchor.  These  are  9- 
foot-diameter,  prestressed-concrete  cylinder  pipes 
(Figure  654)  and  were  designed  and  installed  follow- 
ing criteria  described  in  Chapter  I  of  this  volume. 

Installation  of  these  9-foot  discharge  lines  involved 
two  phases.  In  the  first  phase,  the  easterly  discharge 
line  was  installed  to  serve  the  initial  pumps,  Nos.  3,  4, 
5,  and  6.  At  the  upper  bend  anchor,  a  temporary  inter- 
tie  connects  the  westside  manifold  and  steel  pipe  to 
the  main  east  discharge  line  and  transports  flow  from 
Pump  No.  3.  In  the  second  phase,  the  west  discharge 
line  presently  is  being  installed.  When  this  second  line 
is  complete,  the  intertie  will  be  removed  and  water 
will  then  flow  through  the  two  separate  discharge 
lines. 

Articulation  of  the  concrete  pipe  is  achieved  by  us- 
ing an  elastic  sealant  in  the  joints  instead  of  cement 
mortar,  in  conjunction  with  six  small  neoprene  blocks 
added  to  reduce  longitudinal  impacts. 

Siphon  Outlet.  The  siphon  outlet  is  a  typical, 
steel-lined,  concrete-encased  structure  as  described  in 
Chapter  I  of  this  volume.  This  structure  has  two  si- 


Figure  652.     Manifolds 


Figure  654.      Prestressed-Concrete  Cylinder  Pipe 
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phon  barrels  and  three  outlet  bays,  the  easterly  bay 
being  for  the  future  third  discharge  line.  The  siphon 
barrels  have  crests  above  the  canal  water  level.  This 
system  allows  a  one-way  flow  from  the  pumps,  and  the 
hydraulics  of  the  structure  prevent  canal  water  from 
flowing  back  into  the  discharge  lines.  A  10-inch,  steel, 
bypass  pipe  with  valves  allows  filling  of  either  dis- 
charge line  from  the  canal. 


Cranes 
65-Ton  Bridge  Crane 

Manufacturer:     Crane  Hoist  Engineering  and 

Manufacturing  Co. 
Type:     Overhead,  traveling,  bridge 
10-Ton  Gantry  Crane 
Manufacturer:     Hopper,  Inc. 
Type:     Outdoor,  traveling,  gantry 


Mechanical  Features 

General 

The  principal  mechanical  equipment  includes  six- 
pumps,  six  pump  discharge  valves,  two  equipment- 
handling  cranes,  and  auxiliary  equipment. 

Chapter  I  of  this  volume  contains  information  on 
the  mechanical  equipment  which  is  common  to  other 
State  Water  Project  plants.  Information  and  descrip- 
tions which  are  unique  to  this  plant  are  included  in 
the  following: 

Equipment  Ratings 
Pumps 

Manufacturer:     Units  Nos.  1  and  2 — Sulzer 
Bros.  Inc. 
Units  Nos.  3,  4,  5,  and  6 — Al- 
lis-Chalmers  Manufactur- 
ing Co. 
Type:     Vertical-shaft,  single-stage,  centrifugal 
Pumps  Nos.  1,  2,  S,  and  6 
Discharge,  each:  276  cfs 

Total  Head:  569  feet 

Speed:  514  rpm 

Guaranteed  Efficiency:  91.0% 

Minimum  Submergence 

at  Pump  Centerline:  27  feet 

Pumps  Nos.  3  and  4 
Discharge,  each:  138  cfs 

Total  Head:  569  feet 

Speed:  720  rpm 

Guaranteed  Efficiency:  90.0% 

Minimum  Submergence  at 

Pump  Centerline:  27  feet 

Units  Nos.  3,  4,  5,  and  6  are  presently  installed  and 
operating,  while  Units  Nos.  1  and  2  are  under  con- 
struction and  scheduled  for  operation  in  1976. 
Pump  Discharge  Valves 

Manufacturer:     Units  Nos.  1  and  2 — Goslin- 
Birmingham  Mfg.  Co.,  Inc. 
Units  Nos.  3,  4,  5,  and  6 — 
Yuba  Manufacturing  Div., 
Yuba  Industries,  Inc. 
Type  and  Size:     Units  Nos.  1,  2,  5,  and  6 — 
42-inch,  double-seated, 
spherical 
Units  Nos.  3  and  4 — 
30-inch,  double-seated, 
spherical 


Pumps 

Pumps  are  of  the  vertical-shaft,  single-stage,  diffus- 
er-casing,  centrifugal  type,  directly  connected  to  syn- 
chronous motors.  All  pumps  rotate  counterclockwise 
as  viewed  from  the  motor  end  (Figures  655,  656,  and 
657). 

Pump  casings  were  embedded  in  the  plant  concrete 
substructure.  Pump  impeller,  shaft,  guide  bearing  and 
housing,  and  top  casing  cover  are  all  removable  from 
above  when  the  motor  rotor  is  removed.  The  hydrau- 
lic thrust  and  the  weight  of  the  rotating  parts  are 
carried  by  a  thrust  bearing  in  the  motor. 

Impellers  are  one-piece,  enclosed,  centrifugal,  sin- 
gle-suction type,  fabricated  from  cast  steel,  except 
Units  Nos.  1  and  2  which  are  stainless  steel,  and  are 
provided  with  corrosion-resistant  steel  (400  series) 
wearing  rings. 

Removable  and  renewable  wearing  rings  are  located 
in  the  suction  and  casing  covers  opposite  the  wearing 
rings  on  the  impeller  crown  and  band  and  are  made 
of  400  series  stainless  steel.  The  pump  guide  bearing 
is  a  self-lubricating  skirt  type. 

Initially,  all  pumps  were  designed  to  be  started  with 
the  water  depressed  below  the  eye  of  the  impeller. 
However,  excessive  upthrust  was  experienced  when 
starting  Units  Nos.  3,  4,  5,  and  6  in  this  manner,  and 
the  method  of  starting  was  modified  to  allow  the 
pump  casing  to  be  fully  watered.  Floating  of  the  rotat- 
ing parts  off  the  thrust  bearing  shoes  was  also  ex- 
perienced on  these  units.  To  prevent  damage  to  the 
equipment,  a  thrust  collar  was  installed  in  the  motor 
and  a  balance  line  between  the  top  and  bottom  pump 
cover  was  installed  on  Units  Nos.  3,  4,  5,  and  6.  Units 
Nos.  1  and  2  were  designed  with  a  thrust  collar  in  the 
pump  bearing  and  a  balance  line  between  the  top  and 
bottom  pump  covers  (see  Chapter  VII  of  this  volume 
for  detailed  discussion  of  the  upthrust  and  floating 
during  starting). 

Pump  Discharge  Valves 

A  double-seated  spherical-type  valve  was  installed 
on  the  discharge  side  of  each  pump  (Figure  658).  The 
valves  are  used  for  shutoffs  to  prevent  backflow 
through  the  units  when  they  are  stopped  and  to  isolate 
each  pump  from  its  discharge  line  for  inspection  and 
maintenance.  Each  valve  and  its  appurtenances  are 
located  in  a  separate  valve  vault  at  the  end  of  the 
discharge  extension  of  each  pump  casing. 
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Units  Nos.  1,  2,  5,  and  6  have  42-inch-diameter 
valves,  each  weighing  approximately  27,500  pounds; 
and  Units  Nos.  3  and  4  have  30-inch-diameter  valves, 
each  weighing  approximately  12,500  pounds. 

The  operating  mechanism  for  each  valve  is  basically 
composed  of  an  operating  cylinder,  piston,  piston  rod, 
locking  device,  and  operating  lever.  The  cylinder  is 
double-acting,  with  the  control  system  set  up  to  simul- 
taneously vent  one  side  of  the  cylinder  to  the  oil  sump 
tank  and  allow  oil  to  enter  the  other  side  under  high 
pressure  from  the  accumulator  tank.  The  rate  of  valve 
movement  is  controlled  by  a  metering  valve  on  the 
discharge  side  of  the  cylinder. 

Each  valve  plug  is  rotated  by  its  individual  hydrau- 
lic system,  pressurized  by  an  air-over-oil  accumulator. 
Each  system,  operating  at  a  pressure  of  500  psi,  is 
capable  of  one  opening  cycle  and  two  closing  cycles, 
after  which  the  system  pressure  is  reduced  to  375  psi. 

Equipment  in  each  system  includes  an  oil  accumula- 
tor; oil  sump  tank  and  pumps;  air  compressor;  direc- 
tional and  flow  control  valves;  hydraulic  control 
panel;  valve  control  center;  and  necessary  piping,  wir- 
ing, and  instruments. 

The  air  compressor  and  two  hydraulic  oil  pumps 
supply  air  and  hydraulic  fluid,  respectively,  to  the 
accumulator.  The  compressor  and  pumps  normally 
are  operated  automatically  but  can  be  operated  manu- 
ally from  the  valve  control  center. 

The  valve  seats  are  oil-operated  and  are  located  up- 
stream and  downstream  of  the  transverse  centerline  of 
the  valve.  The  seals  are  arranged  so  that  either  the 
upstream  or  downstream  ring  can  be  moved  in- 
dependently. The  upstream  seat  is  used  as  an  operat- 
ing seat,  and  the  downstream  seat  is  maintained  in  the 
open  position  and  used  for  shutoff  when  maintenance 
is  required  on  the  operating  seat  or  on  the  pumps. 

The  pump  discharge  valve  is  operated  only  in  the 
fully  open  or  closed  position.  The  opening  and  closing 


Figure  656.      Partial  Pump  Case  Assembly 


Figure  657.     Pump  Casing  Assembly 


Figure   658.     Pump  Discharge  Valve 
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of  the  valve  is  controlled  by  a  mechanical-electrical 
sequencer  using  cam-operated  switches  and  hydraulic 
valves.  The  cams  are  mounted  on  a  shaft  which  is 
driven  by  a  125-volt  direct-current  motor.  The  motor 
is  controlled  by  a  reversing  starter  whose  forward  and 
reverse  contactors  are  energized  and  deenergized  by 
plug  and  seat-limit  switches  and  the  cam-actuated 
switches  previously  mentioned. 

The  valve  opens  or  closes  at  an  approximately  uni- 
form rate,  but  the  closing  times  are  different  for  nor- 
mal or  emergency  conditions.  In  order  to  minimize 
the  effect  of  pump  operation  on  the  air  chamber,  the 
rotary  cycle  time  for  emergency  (power  failure)  oper- 
ation is  limited  to  4  to  8  seconds  (5  seconds  was  deter- 
mined by  field  tests  to  be  the  best  time).  Normal 
opening  or  closing  was  set  at  15  seconds. 

Equipment  Handling — Cranes 

The  major  pumping  plant  equipment,  including 
pumps,  motors,  and  discharge  valves,  is  serviced  by 
means  of  a  65-ton,  indoor,  bridge  crane  (Figure  659). 

The  plant  also  has  a  10-ton,  outdoor,  gantry  crane 
with  a  trashrack  rake.  This  crane  raises,  lowers,  and 
transports  the  intake  bulkhead  gates  and  clears  the 
trashracks  of  debris. 

The  bridge  crane  is  an  electric,  cab-operated,  over- 
head, traveling  type,  with  a  main  65-ton-capacity  hook 
and  an  auxiliary  10-ton-capacity  hook.  A  sister-type 
hook,  bored  for  a  lifting  pin,  is  provided  on  the  main 
hoist.   The  rated  capacities  and  speeds  are  as  follows: 


Rated  capacity,  tons. 

Number  of  trolleys .. 

Rated  capacity  of  main  hoist,  tons 

Rated  capacity  of  auxiliary  hoist,  tons 

Maximum  lift,  main  hoist,  feet — inches 

Maximum  lift,  auxiliary  hoist,  feet — inches.. 

Span,  feet — inches 

Hook,  Speeds — feet  per  minute  (fpm) 

Main  (5  step) 

Aux.  (5  step) 

Bridge  speed — fpm 

Trolley  speed — fpm 


65 
1 

65 

10 
79'— 0" 
81'— 6" 
49'— 7.'^ 

0-3 

0-17 
95-100 
40-50 


Figure   661.     Moto 


ng  Water  System 


Brakes  are  provided  for  hook,  trolley,  and  crane 
travel.  They  include  both  the  electric  and  hydraulic 
shoe  type,  with  shunt  coil  and  manual  release  lever. 

Access  to  the  crane  is  provided  at  two  locations 
from  the  plant  catwalks.  One  means  of  access  is  from 
the  operator's  cab  to  the  catwalk  on  the  south  wall;  the 
other  is  by  ladder  from  the  operator's  cab  to  the  bridge 
walkway.  Access  also  is  provided  from  the  bridge 
walkway  to  the  catwalk  mounted  on  the  east  wall  of 
the  Pumping  Plant. 

The  10-ton,  outdoor,  gantry  crane  has  a  trashrack 
rake  and  operates  on  steel  rails  in  the  plant  gate  deck. 
The  lifting  mechanism  consists  of  a  lifting  beam  sus- 
pended from  twin  snatch  blocks  (Figure  660). 
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The  rated  capacity  and  speeds  of  the  gantry  crane 


Rated  capacity,  tons 

Number  of  trolleys. 

Span,  feet 

Hoist  speed  with  maximum  working  load, 
fpm  (two  speeds). 

Gantry  travel  speed  with  maximum  working 
load,  fpm _ 

Trolley  travel  speed  with  maximum  working 
load,  fpm _ 

Maximum  lift,  feet 

Trashrack  rake  maximum  lift,  feet 

Trashrack  rake  speed,  fpm 

Trashrack  rake  capacity,  pounds 


10 
1 
14 

8  to  12 

2  to  3 

30  to  40 

3  to  5 

30 

40 

32 

2,000 


Hydraulic  Transients 

An  air-over-water  surge  chamber  is  used  to  control 
the  upsurges  and  downsurges  or  hydraulic  transients 
caused  by  emergency  power  outages  at  the  Pumping 
Plant.  During  a  downsurge  or  drop  in  pressure,  water 
is  supplied  to  the  discharge  line  to  prevent  its  collapse; 
during  a  sudden  rise  in  pressure,  water  is  forced  into 
the  chamber  to  control  the  upsurge  or  increase  in 
discharge  line  pressure.  Under  normal  operating  con- 
ditions, the  air  chamber  is  under  a  constant  pressure 
from  the  pumping  head. 

In  order  for  a  chamber  to  be  most  effective,  it  is 
necessary  to  throttle  the  reverse  flow  of  water  from 
the  discharge  line  into  the  chamber,  while  very  little 
throttling  or  head  loss  is  required  for  flow  from  the 
chamber.  The  device  used  to  accomplish  this  is  a  dif- 
ferential orifice  designed  to  have  approximately  2.2 
times  as  much  head  loss  for  return  flow  into  the  air 
chamber  as  for  flow  from  the  chamber.  This  orifice 
was  installed  between  flanges  located  at  the  base  of  the 
chamber  and  in  the  riser  pipe  from  the  discharge  line. 

Auxiliary  Service  Systems 

The  auxiliary  service  systems  at  the  plant  are  de- 
scribed in  Chapter  I  of  this  volume.  Items  unique  to 
this  plant  are  discussed  below: 

Compressed  Air  System.  The  compressed  air  sys- 
tem is  different  since  the  pumps  were  modified  to 
start  in  the  watered  condition,  and  there  is  no  need  for 
an  initially  installed  depressing  air  system.  Just  out- 
side the  pumping  plant  building  between  the  two  air 
chambers  is  a  300-psi  air  system  that  provides  air  for 
controlling  the  air-chamber  water  level.  This  system 
consists  of  one  166-cubic-foot-per-minute  (cfm)  com- 
pressor, one  75-cfm  compressor,  piping,  valves, 
gauges,  float  switches,  controls,  and  appurtenances  for 
each  air  chamber. 

Motor  Cooling  Water  System.  Water  for  the  cool- 
ing water  system  is  supplied  by  nine  pumps  (three  of 
which  are  standby)  located  in  the  mechanical  gallery. 
Each  pumping  unit  consists  of  a  split-case,  double- 
suction,  single-stage,  horizontal,  centrifugal  pump  di- 
rectly connected  to  an  electric  motor,  check  valve, 


automatic  self-cleaning  strainer,  and  associated  valves 
and  piping  (Figure  661). 

Discharge  Line  Fill  Pumps.  The  main  pumping 
units  must  operate  with  sufficient  head  against  them 
to  ensure  safe  operation.  With  the  discharge  lines 
empty,  two  pumps  are  provided  to  fill  the  discharge 
line  to  an  elevation  that  is  within  the  pump  operating 
range.  The  water  is  drawn  from  the  pump  suction 
inlet  or  from  the  pump  case  extension,  strained 
through  a  basket  strainer,  and  discharged  into  the  dis- 
charge line  downstream  of  the  discharge  valve. 

Due  to  the  limited  usage  of  this  system  and  the 
limited  space  to  install  it,  the  pumps  were  connected 
in  series.  The  first  pump  will  fill  approximately  one- 
half  of  the  discharge  line  while  the  second  pump  ro- 
tates freely.  The  second  pump  is  then  switched  on 
and,  with  both  pumps  operating  in  series,  the  remain- 
der of  the  discharge  line  is  filled. 

Electrical  Features 

General 

The  electrical  installation  includes  a  230-kV  switch- 
yard; power  transformers;  motors;  switchgear;  and 
auxiliary  systems  for  station  service,  communication, 
and  protection  of  equipment  and  personnel.  The  in- 
terconnections are  shown  on  the  reference  drawings 
at  the  end  of  this  chapter. 

Chapter  I  of  this  volume  contains  information  on 
the  electrical  equipment  and  systems  for  this  plant 
which  are  common  to  other  plants  in  the  Project.  In- 
formation and  descriptions  which  are  unique  to  this 
plant  are  included  in  the  following  sections. 

Description  of  Equipment  and  Systems 

The  six  motors  are  started  full-voltage  with  water  in 
the  pump  case.  They  are  connected  to  a  13.8-kV  sys- 
tem and  operated  and  protected  by  metal-clad  switch- 
gear  (Figure  662).  The  motor  neutrals  are  grounded 
through  the  high-voltage  winding  of  a  distribution 
transformer,  and  a  resistor  is  connected  to  the  trans- 
former low-voltage  winding.  This  combination  limits 
ground  fault  currents  and  is  used  to  detect  abnormal 
ground  currents.  Lightning  arresters  and  capacitors 
provide  surge  protection  for  each  motor. 

Two  power  transformers  reduce  voltage  from  230 
kV  to  13.8  kV  for  operation  of  motors  and  the  station 
service  system.  They  are  connected  to  the  switchyard 
with  overhead  conductors  and  to  the  switchgear  with 
nonsegregated-phase  bus.  The  230-kV  switchyard  in- 
cludes two  breakers,  bypass  switch,  high-voltage  reve- 
nue metering,  and  lightning  arresters. 

The  station  service  system  utilizes  a  double-ended 
substation  containing  two  transformers  and  intercon- 
necting main,  tie,  and  distribution  breakers  (Figure 
663).  The  transformers  reduce  voltage  from  13,200  to 
480  volts. 

Switchboards  at  each  unit  include  protective  relays, 
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Figure  664.     Unit  Control  Board 


instruments,  meters,  annunciators,  and  control  de- 
vices. They  are  the  duplex  walk-in  type  (Figure  664). 
A  computer  control  system  is  installed  in  the  plant 
control  room  for  normal  operation.  The  plant  also 
may  be  operated  manually  from  the  switchboards  or 
from  a  remote  system.  The  plant  control  system  will 
operate,  monitor,  log  data,  annunciate,  and  display  all 
requirements  of  the  plant  and  switchyard.  Volume  V 
of  this  bulletin  describes  the  plant  and  remote  control 
systems. 

Equipment  Ratings 
Motors 

Manufacturer:     Allis-Chalmers      Manufactur- 
ing Company 
Type:     Vertical-shaft,  synchronous 
Volts:     13,200 
Power  factor:     95% 
Motors  Xos.  3  and  4 
Horsepower:     11,600 
Speed:     720  rpm 
Motors  Xos.  1,  2,  _>',  and  6 
Horsepower:     22,500 
Speed:     514  rpm 
Power  Transformers 

Manufacturer:     Federal  Pacific  Electric  Com- 
pany 
Volts:     230-13.8/8.72  kV 
Taps:     In  the  high-voltage  winding,  2'/2  and 

5%  above  and  below  rated  voltage 
kVA:     35,600/47,500 
Type:     OA/FA 
Connection:     Wye-Delta 
Station  Service 

Number  of  transformers:     2 
Volts:     13,200--*80Y/277 
Phase:      3 
kVA:     1,000/1,333 
Type:     AA/FA 

Emergency  engine-generator:     170  k\V,  480Y/ 
277  volts,  3  phase 

Motor  Starting  Method 

The  motors  are  started  with  full  voltage  and  with 
water  in  the  pump  case.  Daily  starting  for  off-peak 
pumping,  with  the  resulting  severe  duty  on  the  mo- 
tors, required  consideration  of  alternatives  during  se- 
lection of  the  starting  method. 

The  first  method  considered  for  starting  was  with 
water  depressed  below  the  impeller  on  all  units.  Two 
smaller  motors  were  to  be  started  full-voltage.  The 
four  larger  motors  were  to  be  started  at  reduced  volt- 
age to  meet  the  inrush  requirements  of  the  utility 
company  and  to  reduce  the  severe  duty  on  the  motors. 
A  three-winding  transformer  was  selected  to  provide 
the  reduced  voltage  for  starting.  This  transformer 
would  have  a  high-voltage  winding  and  two  separate 
low-voltage  windings.  With  a  motor  started  across  one 
of  these  windings,  the  transformer  has  a  high  value  of 
winding  impedance.  The  result  would  have  been  that 
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the  motor  would  be  started  essentially  with  a  high- 
impedance  transformer,  and  a  reduced  voltage  on  the 
motor  terminal  results.  As  the  motor  speed  increases, 
the  voltage  drop  of  the  transformer  decreases  and 
reaches  normal  at  synchronous  speed,  and  full  voltage 
is  applied  to  the  motor  terminals.  This  starting 
method  was  rejected  when  bids  for  the  three-winding 
transformers  were  rejected  because  they  were  much 
higher  than  estimated. 

The  second  starting  method  affected  only  the  larger 
motors,  since  the  larger  motors  were  to  be  started 
full-voltage.  It  consisted  of  providing  reduced  voltage 
by  means  of  an  8.72-kV  center  tap  on  the  transformer 
windings  (Figure  665).  After  the  motors  were  sychro- 
nized,  transformer  windings  were  switched  to  provide 
full  voltage.  The  installation  was  completed  and  oper- 
ated satisfactorily  electrically. 

The  third  and  final  starting  method  was  developed 
after  start  of  operation  when  the  unforeseen  upthrust 
and  floating  pump  characteristics  became  apparent,  as 
discussed  previously.  Full-voltage  watered  starts  were 
then  investigated.  Tests  were  conducted  and  motor 
designs  examined  to  determine  if  the  motors  could  be 
started  under  those  conditions.  By  changing  amortis- 


seur  windings  and  resistance  in  the  field  circuit  dur- 
ing starting,  the  motors  developed  sufficient  torque 
for  synchronization.  Inrush  current  and  resulting 
voltage  drop  were  within  limits  which  were  modified 
by  the  utility  company  from  its  original  requirements. 
Costs  of  the  change  were  relatively  low.  The  new 
conditions  of  starting  will  impose  a  more  severe  duty 
on  the  motor  and  possibly  a  reduction  in  life.  This 
possibility  was  accepted  to  gain  the  more  reliable 
starting  conditions.  This  starting  procedure  also  al- 
lowed the  pumps  to  start  satisfactorily  and  avoided  the 
need  to  modify  their  starting  configuration. 

230-kV  Interconnections 

The  switchyard  is  supplied  by  a  single  transmission 
line  (Figure  666).  The  two  power  transformers  are 
supplied  from  two  bays  in  the  switchyard,  each  with 
a  circuit  breaker.  To  enable  removing  either  breaker 
from  service  for  maintenance,  a  bypass  switch  was 
installed.  Normally,  the  switch  is  in  the  open  position; 
however,  during  breaker  maintenance,  the  switch  is 
closed  and  both  transformers  are  supplied  through 
one  breaker.  Costs  were  thus  kept  to  a  minimum  with- 
out a  sacrifice  in  protection  and  flexibility. 


Figure   665.     35.6/47.5-MVA  Transformers 


Figure  666.     230-kV  Switchyard 
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Construction 

Contract  Administration 

General  information  about  the  major  construction 
and  supply  contracts  for  the  Pearblossom  Pumping 
Plant  and  discharge  lines  is  shown  in  Table  13.  The 
principal  construction  contracts  were  Pearblossom 
Pumping  Plant  Site  Development,  Specification  No. 
67-18;  Pearblossom  Pumping  Plant,  Specification  No. 
68-44;  Pearblossom  Pumping  Plant  Discharge  Line, 
Specification  No.  69-25;  and  Completion  of  Pearblos- 
som Pumping  Plant,  Specification  No.  70-17. 

Excavation 

Major  excavation  was  done  under  the  site  develop- 
ment contract,  Specification  No.  67-18,  and  included 
excavation  of  the  intake  canal,  spill  basin,  and  founda- 
tion for  Pearblossom  Pumping  Plant  (Figures  667, 
668,  and  669).  A  total  of  99  days  was  required. 


No  unusual  problems  were  encountered  during  the 
excavation.  Ripping  was  not  required,  and  scrapers 
were  easily  loaded  when  pushed  by  a  large  dozer.  The 
excavation  was  hauled  to  spoil  areas  adjacent  to  the 
project  or  stockpiled  for  later  use  in  embankments. 

Ground  Water.  Ground  water  was  first  encoun- 
tered on  the  west  side  of  the  plant  bowl  about  51  feet 
above  subgrade.  On  the  east  side  of  the  bowl,  the  water 
table  was  30  feet  lower.  Differential  levels  resulted 
from  an  impervious  low-angle  fault  crossing  the  plant 
site  from  north  to  south.  Ground  water  encountered 
at  the  higher  elevations  was  mixed  with  excavated 
material  and  removed.  Most  of  the  ground  water  en- 
countered was  at  the  lower  elevations  and  was 
removed  by  pumping.  Drains  to  extract  ground  water 
were  used  only  in  the  service  bay  area.  When  the 
excavation  reached  subgrade  elevation  in  the  service 
bay,  permanent  trench  drains  were  installed  to  convey 


TABLE   13.     Major  Contracts — Pearblossom  Pumping  Plant 


Site  development. 

Power  circuit  breakers 

Pumps 

Bridge  cranes  (including  A. 
D.  Edmonston  Pumpins 
Plant)....,, .1. 

Pearblossom  Pumping  Plant 
Power  transformers.. 

Pump  discharge  valves 

Motors 

13.8-kV  switchgear. 

Discharge  line 

Station  service  substation 
and  distribution  centers.. 

Switchboards 

Completion  contract 

Strong-motion  acceleration 
monitoring  system  (in- 
cluding Devil  Canyon 
Powerplant  and  Perris 
Dam) 

Pumps — Phase    II. _ 

Valves— Phase   II. 

Motors— Phase   II 

Switchboards — Phase   II 

15-kV  switchgear — Phase  II 

2nd  discharge  line.. 

Completion  contract — Phase 
II 


'  As  ol  November  1974 


Specification 


67-18 
68-13 
68-24 


68-32 


68-44 
68-47 


69-03 
69-14 


69-23 
69-25 


70-11 
70-17 


71-13 
72-10 

73-07 

73-09 

73-12 

73-25 

73-35 

73-41 


Low  bid 
amount 


U.  179,597 

61,140 

824,850 


4,769,9S5 
327,645 

477,538 
1,247,500 

210,828 

1,905,000 

111,474 

164,769 
3,074,815 


Final 
contract  cost 


$\,  103,945 

63,731 

941,000 

(Est.) 


882,679 

5,570,178 
346,592 

556,062 

1,535.000 

(Est.) 

239,720 

2,016,86S 


169,066 
3,700,082 


86,028 

94,219 

798,978 

807,000 

(Est.) 

619,320 

650,000 

(Est.) 

1,116,400 

1,203,000 

(Est.) 

84,703 

93,500 

(Est.) 

85,990 

98,000 

(Est.) 

2,410,946 

2,652,000 

(Est.) 

793,333 

873,000 

(Est.) 

Total  cost — 
change  orders 


is — 1,571 

6,226- 


14,774 

416,010 
778 

13,727 

4,813 
70,746 


—77 
259,906 


11,276* 
20,828* 


Starting 
date 


5/12/67 
3/  7/68 
9/27/68 


2/20/69 

11/  8/68 
8/19/69 

5/13/69 
8/26/69 

2/24/70 

1/23/70 

3/10/70 

4/16/70 
8/  3/70 


6/  9/71 
11/  3/72 

3/15/73 

8/10/73 

7/24/73 

8/29/73 

11/29/73 

1/30/74 


Comple- 
tion date 


1/22/68 

5/14/71 

12/74 

(Est.) 


8/27/70 

11/26/70 
3/12/71 

7/25/72 
12/74 
(Est.) 

8/25/71 

4/  5/71 


11/15/71 


8/10/71 
2/  7/73 


12/4/72 

4/76 
(Est.) 

1/76 
(Est.) 

5/76 
(Est.) 

3/75 
(Est.) 

3/75 
(Est.) 

9/75 
(Est.) 

1/76 
(Est.) 


Prime  contractor 


Altfillisch-Fulton  Co. 
General  Electric  Co. 
Allis-Chalmers  Mfg.  Co. 


Crane  Hoist  Engineerinc 

&  Mfg.  Co. 
Peter  Kiewit  Sons'  Co. 
Federal    Pacific    Electric 

Co. 
Yuba  Industries,  Inc. 
Allis-Chalmers  Mfg.  Co. 

Westinghousc  Electric 

Corp. 
Stolte,   Inc.   &  Santa   Fc 

Engineers,  Inc. 

Federal    Pacific    Electric 

Co. 
General  Electric  Co. 
Gunther  &:  Shirlev  Co. 


Electra-Physics 
Sulzer  Bros.,  Inc. 

Wismer    &;   Becker   Con- 
tracting Engineers 
Allis-Chalmers  Mfg.  Co. 

Hatch,  Inc. 

Delta  Switchboard  Co. 

Sullv-Miller  Contracting 
Co. 

The  Shirlev  Co. 
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the  water  to  the  southwest  corner  of  the  deep  sump 
where  it  was  removed  from  the  excavation  by  pump- 
ing. Ground  water  seepage  was  encountered  only  on 
the  faces  of  the  excavation  for  the  walls  of  the  service 
bay  deep  sump. 

Structural  Excavation 

Excavation  of  the  pumping  plant  foundation,  dis- 
charge lines,  and  manifolds  commenced  in  October 
1968.  By  February  1969,  95%  of  the  excavation  was 
completed,  and  the  remainder  was  performed  as  con- 
struction progressed.  The  structural  excavation  for 
the  Pumping  Plant  extended  82  feet  below  the  general 
level  of  the  bowl  invert. 

The  granitic  rock  foundation  was  ripped  with  large 
tractors  equipped  with  single-shank  rippers.  The  rock 
broke  down  further  into  coarse  sand  sizes  during  han- 
dling. 

The  foundation  for  the  discharge  lines  was  excavat- 
ed primarily  in  alluvial  material.  A  tractor  with  a  doz- 
er blade  and  slope  bar  made  the  excavation  without 
ripping.  Temporary  cut  slopes  of  %:1  were  quite  sta- 
ble. 

Stockpiled  material  from  the  plant  and  discharge 
line  foundation  excavations  was  loaded  into  16-cubic- 
yard  trucks  by  rubber-tired  front-end  loaders.  Most  of 
the  excavated  material  was  hauled  to  the  north  spoil 
area  where  suitable  backfill  material  was  stockpiled 
and  unsuitable  material  was  wasted.  Some  excavated 
material  from  the  top  of  the  two  discharge  line  cuts 
was  stockpiled  on  the  south  rim  of  the  bowl  for  struc- 
tural and  common  backfill. 

Backfill  Placement 

Consolidated  Bedding.  Consolidated  bedding 
was  placed  around  the  discharge  lines  from  subgrade 
to  about  2  feet  above  springline.  All  the  bedding 
material  was  imported,  because  material  from  the 
plant  excavation  and  the  north  and  east  spoil  areas  was 
not  of  specified  gradation  or  strength. 

Initially,  a  blanket  of  bedding  material  was  placed 
on  the  subgrade  of  the  discharge  line  excavations  to 
provide  an  even  foundation  for  the  steel  pipe.  After 
the  pipe  sections  were  positioned,  saturated  bedding 
material  was  placed  around  them.  The  required  con- 
solidation (70%  relative  density)  was  easily  achieved 
with  6-inch  pneumatic  vibrators. 

Structural  Backfill.  Structural  backfill  material 
was  placed  around  all  concrete  structures,  corrugated- 
metal  pipes,  and  in  other  areas  that  did  not  specifically 
require  consolidated  bedding  or  common  backfill. 
Where  overexcavation  was  authorized  because  of 
earth  slides,  cracks,  and  unstable  material,  it  was  back- 
filled with  concrete  or  structural  backfill  material. 

Concrete  sand  rejected  for  use  in  concrete  but  meet- 
ing the  gradation  required  for  consolidated  bedding 
was  used  as  structural  backfill.  Most  of  the  1,100  cubic 
yards  of  sand  used  was  placed  at  the  east  end  of  the 
Pumping   Plant  with   the  remainder  placed  on  the 


Figure  669 
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north  side.  Sand  was  run  through  the  concrete  batch 
plant  to  a  conveyor  system  that  carried  it  to  the  place- 
ment location.  This  operation  was  so  successful  that 
the  contractor  bought  additional  sand  for  use  as  struc- 
tural backfill  rather  than  using  plant-excavated 
material. 

Approximately  50,000  cubic  yards  of  material  from 
the  pumping  plant  and  discharge  line  excavations  was 
utilized  for  the  remainder  of  the  structural  backfilling. 
Dump  trucks,  loaded  by  front-end  loaders,  were  used 
to  transport  backfill  from  the  north  spoil  area.  Backfill 
material  on  the  south  rim  was  handled  with  the  front- 
end  loader  and  a  small  dozer.  Compaction  was  per- 
formed with  regular  and  vibratory  sheepsfoot  rollers 
and  hand-operated  compactors.  With  some  reworking 
after  testing,  all  areas  met  the  required  95%  relative 
compaction. 

Common  Backfill.  Common  backfill  material,  ob- 
tained from  the  discharge  line  and  south-slope  excava- 
tions, was  transported  from  the  stockpile  to  the 
discharge  lines  by  front-end  loaders.  Approximately 
1,650  cubic  yards  were  used  for  the  final  3'/2  feet  of 
backfill  around  and  over  the  discharge  lines.  It  was 
moisture-conditioned  at  the  stockpile  with  supple- 
mental conditioning  as  needed  during  placement.  The 
compactive  effort  applied  yielded  compaction  greater 
than  the  minimum  required  (85%  for  the  first  3  feet; 
90%  for  the  top  6  inches). 

Pneumatically  Applied  Mortar 

A  2-inch  layer  of  wet  mix  shotcrete  was  pneumati- 
cally applied  on  the  pumping  plant  load  bearing  sur- 
faces to  prevent  air  slaking  and  decomposition  of  the 
foundation  rock  and  to  provide  an  easily  cleaned  sur- 
face upon  which  to  place  structural  concrete.  Shot- 
crete was  applied  on  the  load  bearing  surfaces  within 
48  hours  after  reaching  final  grade.  Only  6  to  10  feet 
of  the  sloping  foundation  could  be  shotcreted  within 
the  48-hour  limit,  so  1  foot  of  undisturbed  material 
was  left  above  final  grade  until  shotcreting  could  be 
performed. 

A  4-inch  lining  of  shotcrete  was  applied  in  two 
cross-berm  drainage  ditches  on  the  south  slope  of  the 
pumping  plant  bowl.  The  total  area  of  shotcrete  ap- 
plied for  both  purposes  was  approximately  6,100 
square  yards. 

Concrete  Placement 

A  total  of  440  cubic  yards  of  backfill  concrete  was 
placed  on  load  bearing  surfaces  where  overexcavation 
was  required  to  remove  unstable  or  otherwise  unsuita- 
ble foundation  material.  Approximately  36,700  cubic 
yards  of  structural  concrete  was  used  for  the  pumping 
plant  structure  and  appurtenances. 

The  concrete  batch  plant,  located  on  the  northwest 
side  of  the  pumping  plant  bowl,  was  an  automatic 
plant  with  one  4-cubic-yard  tilting-drum  mixer  hav- 


Concrete  Batch  Plant 


ing  a  rated  output  of  80  cubic  yards  per  hour  (Figure 
670). 

An  ice  house  was  constructed  adjacent  to  the  batch 
plant.  Up  to  100%  ice  was  used  for  mixing  water 
during  the  summer.  The  contractor  was  able  to  main- 
tain the  temperature  near  the  specified  50  degree 
Fahrenheit  level.  Adjacent  to  the  batch  plant  and  ice 
house,  a  material  control  building  was  constructed  by 
the  contractor  for  the  Department  of  Water  Re- 
sources. 

Concrete  with  3-inch  maximum  size  aggregate  was 
used  for  floor  slabs  at  least  15  inches  thick  and  for 
other  sections  of  the  pumping  plant  structure  and  ap- 
purtenances at  least  18  inches  thick.  A  starter  mix 
with  %-inch  maximum  size  aggregate  was  used  occa- 
sionally to  prime  construction  joints  in  formed  areas 
congested  with  reinforcing  steel.  For  all  other  con- 
crete, l'/2-inch  maximum  size  aggregate  was  used,  in- 
cluding the  top  6  inches  of  the  floor  slabs. 

Two  methods  of  placing  concrete  were  used.  The 
primary  method  utilized  a  series  of  belt  conveyors 
exclusively.  Alternately,  a  crane  with  2-cubic-yard 
buckets  was  used  in  conjunction  with  the  belt  convey- 
ors. 

Consolidation  of  the  concrete  was  achieved  by  using 
immersion-tvpe,  6-inch,  3-inch,  and  2-inch  vibrators. 

Discharge  Lines 

Installation  of  the  discharge  manifolds,  lines,  and 
appurtenances  included  installation  of  46-inch-  and 
65-inch-outside-diameter,  special,  sleeve-type  cou- 
plings; 103-inch-outside-diameter,  standard,  sleeve- 
type  couplings;  valve  tapers;  and  various  appurte- 
nances. Field  tests  included  radiographing  all  butt 
welds;  hydrostatically  testing  the  valve  tapers,  dis- 
charge manifolds,  and  lines;  and  testing  the  coating  on 
interior  surfaces  for  discontinuities,  voids,  and 
adequacy  of  thickness  (Figures  671  and  672). 
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During  testing  of  the  discharge  manifolds,  a  pres- 
sure of  395  psi  was  maintained  for  one  hour  without 
a  drop  in  pressure  or  any  visible  sign  of  leakage.  Ar 
internal  pressure  of  234  psi  was  maintained  durim 
concrete  placement  and  held  until  the  concrete  hai 
attained  a  compressive  strength  of  2,500  psi. 

The  discharge  line  pipe  sections  were  slipped  dowi, 
the  trenches  from  the  top  of  the  plant  bowl  using  a 
sled  mounted  on  well-greased  timber  skids.  Repairs  to 
the  pipe  and  couplings  adjacent  to  the  anchor  block 
were  necessitated  by  misalignment  resulting  from 
movement  of  the  anchor  block  during  hydrostatic  test- 
ing. 

Plant  Superstructure 

The  structural  steel  for  the  pumping  plant  super- 
structure arrived  at  the  job  site  in  late  May  1970.  The 
fabricated  steel  was  sandblasted  and  primed  in  the 
field.  The  column  base  plates  were  set  in  early  June 
1970  by  the  use  of  a  50-ton  truck-mounted  crane.  This 
same  crane  was  used  to  erect  the  structural  members. 
Erection  of  the  superstructure  steel  started  June  22, 
1970.  The  erection  of  the  structural  steel  was  com- 
pleted November  5,  1970.  An  excellent  job  was  done. 

The  insulated  metal  siding  for  the  superstructure 
was  installed  between  July  29,  1970  and  October  9, 
1970.  No  problems  of  consequence  occurred. 

Other  Construction 

Construction  was  routine  for  the  switchyard  and 
installation  of  mechanical  and  electrical  equipment. 


Figure  672.     Discharge  Manifolds  Under  Construction 
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The  following  engineering  drawings  may  be  found  in  consecutive  order  im- 
mediately after  this  reference  (Figures  673  through  706). 
Figure 
Number 

673  Site  Plan 

674  Plan— Elevation  2,944.5 

675  Plan— Elevation  2,929.0 

676  Plan— Elevation  2,915.0 

677  Plan— Elevation  2,905.0 

678  Longitudinal  Section 

679  Transverse  Section 

680  Structural  Design  Data 

681  Discharge  Line — Plan  and  Elevation 

682  Discharge  Line — Plan  and  Profile 

683  Steel  Pipe  Profiles 

684  Siphon  Outlet 

685  Compressed  Air  System 

686  Water  System — Service  Bay 

687  Water  System — Units  Nos.  1  Through  6 

688  Carbon  Dioxide  Fire-Protection  System 

689  Lubricating  Oil  System 

690  Dewatering  and  Pressure  Drainage 

691  LInit  Cooling  Water  System 

692  Air,  Oil,  and  Water  Piping 

693  Piezometer  Piping 

694  65-Ton  Bridge  Crane 

695  Siphon  Control  System 

696  Plant  Single-Line  Diagram 

697  15-kV  System — Single-Line  Diagram 

698  230-kV  System — Single-line  Diagram 

699  Switchyard  Plan 

700  Nonsegregated-Phase  Bus  Duct 

701  Cable  Trays 

702  Switchboards — Plan  and  Elevation 

703  Unit  Control  Panel 

704  480-VAC  System — Single-Line  Diagram 

705  125-VDC  System — Single-Line  Diagram 

706  Grounding  Schematic 
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Figure   673.     Site  Plan 
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Figure  674.     Plan— Elevation  2,944.5 
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Figure  675.      Plan— Elevation  2,929.0 
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Figure  676.      Plan — Elevation  2,915.0 
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Figure  677.     Plon— Elevation  2,905.0 
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Figure  678.     Longitudinal  Section 
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Figure   679.     Transverse  Section 
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Figure  680.     Structural  Design  Data 
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Figure   681.     Discharge  Line — Plan  and  Elevation 
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Figure  682.     Discharge  Line — Plan  and  Profile 
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Figure  683.     Steel  Pipe  Profiles 
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Figure  684.     Siphon  Outlet 
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Figure  685.     Compressed  Air  Syste 
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Figure  686.     Water  System — Service  Bay 
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Figure  687.      Water  System — Units  Nos.  1  Through  6 
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Figure  688.     Carbon  Dioxide  Fire-Protection  System 
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Figure   689.      Lubricating  Oil  System 
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Figure   690.      Dewatering  and  Pressure  Drainage 
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Figure  691.     Unit  Cooling  Water  Systen 
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Figure  692.     Air,  Oil,  and  Water  Piping 
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Figure  693.     Piezometer  Piping 
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Figure  694.     65-Ton  Bridge  Crane 
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Figure  695.     Siphon  Control  System 
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Figure  696.     Plant  Single-Line  Diagram 
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Figure  697.      15-kV  System — Single-Line  Diagram 
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Figure  698.     230-kV  System — Single-Line  Diogron 
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Figure  699.     Switchyard  Plan 
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Figure  700.     Nonsegregated-Phase  Bus  Duct 
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Figure  701.     Coble  Troys 
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Figure  702.      Switchboards— Plan  and  Elevation 
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Figure  703.     Unit  Control  Panel 
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Figure  704.     480-VAC  System— Single-Lii 


601 


' 

f          S 

• 

'       ^ 

M         i 

"       ' 

. 

ii  J 

-  •+  '  ■'  K  ,  '. 


V 
1 1     : 


' 


ssd  '  J 

§  atvsa/'x       tx 

m  -  > 

I J 

Ho  mo  Ho 

fi  Hi  tail  no  S3 
11  so  Hi  ho  ma 

1 

1 

Ho  Hi  Hi  Hi 

',ofi^nH^J«HD 
P  B  UD  LhJ"  Hi  Ho 

[So  =°-  ,  -0  „  e 

Figure  705.      125VDC  System— Single-Line  Diagran 
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Figure  706.     Grounding  Schematic 
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Figure   707.     Location  Mop — Devil  Canyon  Powerplant 
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CHAPTER  XV.     DEVIL  CANYON  POWERPLANT 


General 
Location 

Devil  Canyon  Powerplant  is  located  approximately 
5  miles  north  of  San  Bernardino,  California.  The  near- 
est major  road  is  Interstate  Highway  15.  The  plant  is 
situated  near  the  mouth  of  Devil  Canyon  at  the  south- 
ern base  of  the  San  Bernardino  Mountains  (Figures 
707  and  708). 

Purpose 

Devil  Canyon  Powerplant  is  a  power  recovery  facil- 
ity that  generates  electrical  power  from  the  available 


flow  through  the  Santa  Ana  Division  of  the  California 
Aqueduct.  It  receives  water  from  Silverwood  Lake 
through  the  San  Bernardino  Tunnel  and  a  6,749-foot- 
long  penstock.  The  plant  discharges  into  a  small  after- 
bay,  which  distributes  the  water  through  individual 
pipelines  to  the  contracting  water  users.  Water  which 
is  not  delivered  to  water  users  at  this  location  contin- 
ues on  through  the  Santa  Ana  Valley  Pipeline  to  Lake 
Perris,  the  terminal  reservoir  on  the  Aqueduct. 

Description 

Devil  Canyon  Powerplant    (Figure  709)    has  two 


Figure  708.     Aerial  View — Devil  Canyon  Powerplant 
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generating  units  with  a  total  capacity  of  1,200  cubic 
feet  per  second  (cfs).  The  estimated  annual  output  is 
1.003  billion  kilowatt-hours.  Each  unit  has  a  54-inch 
shutoff  valve  in  the  penstock  immediately  upstream  of 
the  unit.  Provisions  were  made  during  construction  of 
the  existing  structure  for  the  addition  of  a  third  unit 
with  a  capacity  of  about  827  cfs.  This  additional  unit 
will  require  an  extension  to  the  existing  structure  and 
construction  of  a  separate  penstock. 

The  two  initial  units  are  vertical-shaft,  single-run- 
ner, impulse  turbines  directly  connected  to  synchro- 
nous generators.  The  two  units  have  a  power 
generation  output  of  119,700  kilowatts.  Water  is  sup- 
plied to  these  units  by  a  1 14-inch-diameter  steel  pen- 
stock. 

A  concrete-lined  flood  channel  diverts  Devil  Can- 
yon Creek  around  the  powerplant  site  (Figure  710). 

Representative  drawings  are  included  at  the  end  of 
this  chapter. 


Geology 
Areal  Geology 

Geologic  structure  of  the  southern  part  of  the  San 
Bernardino  Mountains  is  dominated  bv  the  San  An- 
dreas fault  and  its  numerous  subparallel  branches.  In 
the  vicinity  of  Devil  Canyon,  the  San  Andreas  and 
Santa  Ana  faults  form  boundaries  between  signifi- 
cantly different  rock  types. 

In  general,  north  of  the  San  Andreas  fault,  the 
Mountains  are  composed  of  interlayered  crystalline 
igneous  and  metamorphic  rocks.  The  Pelona  schist  is 
found  south  of  and  within  the  San  Andreas  fault. 
Granite  occurs  between  the  San  Andreas  and  Santa 
Ana  faults.  Location  of  the  plant  was  restricted  bv  the 
faulting.  The  plant  is  north  of  both  faults,  but  the 
Santa  Ana  fault  crosses  the  afterbay. 

Site  Geology 

Bedrock  in  the  Devil  Canyon  area  is  metamorphic 
rock,  including  gneiss,  marble,  and  quartzite,  and  ig- 


Figure  709.     Interior  View 
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Figure   710.      Exterior  View 


neous  rocks  ranging  from  granite  to  gabbro.  Where 
the  rock  is  faulted,  crushing  and  shearing  have  formed 
gouge  and  breccia.  The  foundation  of  the  Powerplant 
is  in  the  diorite  gneiss,  a  metamorphic  rock. 

Between  the  Santa  Ana  and  San  Andreas  faults  at 
Devil  Canyon,  massive  granite  occurs  in  a  band  600 
feet  wide.  The  granite  is  highly  fractured  and  sheared. 
However,  the  granite  is  relatively  competent,  and  a 
bold  outcrop  forms  a  steep  slope  on  the  west  side  of 
Devil  Canyon  between  the  two  faults. 

Along  the  margins  of  Devil  Canyon,  these  older 
crystalline  rocks  are  overlain  by  terrace  deposits.  The 
floor  of  Devil  Canyon  has  been  covered  with  stream 
deposits  of  sands,  gravels,  and  boulders. 

A  trench  17  feet  wide  and  15  feet  deep  was  excavat- 
ed in  Recent  alluvium  at  the  flood  channel  inlet.  Bed- 
rock was  exposed  at  both  ends  of  the  trench  but  was 
not  found  in  the  middle.  An  impervious  clay  mem- 
brane was  placed  in  the  trench  to  serve  as  a  ground 
water  cutoff. 

Ground  water  in  the  vicinity  of  the  flood  channel 
posed  a  threat  to  the  afterbay  clay  membrane  if  the 
afterbay  were  to  be  emptied.  A  perforated  drain  was 
installed  along  the  east  side  of  the  afterbay  to  relieve 
excessive  ground  water  pressures. 

The  turnout  structure  foundation  is  sandy  gravel 
(Recent  alluvium)  except  for  the  extreme  west  end, 


which  is  moderately  weathered  granite. 

Excavation  of  the  afterbay  revealed  fault  gouge  and 
decomposed  metamorphic  rock  on  much  of  the  side 
slopes.  Because  this  material  is  friable  and  susceptible 
to  erosion,  it  was  covered  with  riprap. 

Rock  at  the  west  wing  wall  of  the  plant  was  adverse- 
ly affected  bv  shear  zones  and  seeping  water.  Overex- 
cavation  and  backfilling  was  necessary  in  the  shear 
zones  in  the  foundation  rock  of  the  plant. 

The  support  footings  for  the  penstock  consist  of 
Recent  alluvium,  Older  alluvium,  and  diorite  gneiss. 
The  materials  encountered  in  most  areas  provide  ade- 
quate support  for  the  structure.  A  few  areas  required 
overexcavation  and  some  areas  required  riprap  for 
erosion  protection. 

A  fault  zone  was  exposed  where  the  penstock 
crosses  Devil  Canyon  Creek.  The  fault  zone  material 
consists  of  grav  clay  gouge,  serpentine,  crushed  lime- 
stone, and  crushed  diorite  gneiss,  with  large  blocks  of 
hard  limestone  and  strongly  weathered  diorite  gneiss. 
The  anchor  block  foundation  at  the  base  of  the  pen- 
stock is  weathered  diorite  gneiss.  This  material  is  com- 
petent and  adequate  for  the  structure. 

Geologic  Exploration 

Five  exploration  trenches  were  excavated  to  supple- 
ment the  drilling  and  geophysics  to  determine  founda- 
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tion  conditions  for  the  powerplant,  afterbay,  and 
turnout  structures.  The  exploration  helped  determine 
the  width  and  location  of  the  Santa  Ana  fault  zone  so 
that  structures  could  be  placed  on  the  most  competent 
rock  in  the  area. 

Seismic  Instrumentation 

Instrumentation  was  installed  to  monitor  seismic 
activity  in  the  vicinity  of  Devil  Canyon  since  this  area 
is  considered  one  of  the  most  seismicallv  active  areas 
in  the  State.  Four  precise  geodetic  quadrilaterals  were 
established  near  Devil  Canyon  to  detect  creep  along 
the  active  faults.  One  strong-motion  seismograph  and 
seven  seismoscopes  were  installed  in  the  area. 

Before  the  plant  was  constructed,  the  strong-motion 
seismograph  was  triggered  several  times  by  small  local 
earthquakes.  However,  the  seismoscopes  did  not 
record  the  shocks,  and  the  intensity  was  too  small  to 
provide  significant  information.  The  Department  of 
Water  Resources  is  continuing  to  monitor  the  precise 
measurement  grid. 

A  tiltmeter  was  installed  on  the  terrace  deposits 
immediately  west  of  the  plant  site  with  a  special  leg 
across  the  Santa  Ana  fault.  No  tectonic  movement  was 
detected  by  the  tiltmeter  and  it  was  dismantled. 

Seismicity 

The  San  Andreas  fault  zone  is  approximately  1  mile 
wide  in  this  area,  with  the  recent  traces  coinciding 
with  the  northeasterly  edge  of  the  zone.  Crushed  rock 
and  gouge  of  the  Santa  Ana  fault  crosses  the  afterbay 
and  is  about  360  feet  wide. 

Rupture  of  facilities  by  displacement  along  a  fault 
and  shaking  caused  by  an  earthquake  are  considered 
possibilities.  A  maximum  of  20  feet  right  lateral  dis- 
placement and  3  feet  vertical  displacement  are  possi- 
ble on  the  San  Andreas  fault,  in  the  opinion  of  the 
Department  of  Water  Resources  Consulting  Board  for 
Earthquake  Analysis.  Should  such  a  movement  take 
place,  it  most  likely  would  occur  along  tthe  most  re- 
cent trace  of  the  fault.  Such  displacement  also  could 
occur  on  the  Santa  Ana  fault  (Figure  711). 

Civil  Features 

Preliminary  Studies 

During  the  planning  stage  for  this  power  develop- 
ment, several  alternative  routes  and  systems  were  in- 
vestigated. These  alternatives  included  a  two-plant 
scheme,  a  three-plant  scheme,  a  single  underground 
plant,  and  a  single  surface  plant  system.  Additional 
studies  were  conducted  comparing  the  performance 
of  Francis  turbines  and  impulse  turbines,  and  one  unit 
versus  two  units.  A  single  surface  plant  with  two  im- 
pulse turbines  was  adopted. 

Site  Development 

The  plant  site  was  determined  on  the  basis  of  pow- 
erplant optimization  studies  and  by  weighing  the  rela- 
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Figure  711.     Geologic  Plan  and  Section 

tive  significance  of  distance  from  the  fault  zone, 
quality  of  rock  in  the  foundation,  size  of  excavation, 
and  location  of  the  flood  channel  facilities  for  Devil 
Canyon  Creek. 

The  bowl  for  the  Powerplant  was  excavated  in  the 
hillside  on  the  west  side  of  the  canyon.  The  finished 
level  work  area  around  the  plant  is  approximately  435 
feet  in  the  east-west  direction  and  240  feet  in  the 
north-south  direction.  This  area  provides  room  for  the 
plant,  switchyard,  parking,  and  access  around  the  fa- 
cility. The  side  slopes  of  the  bowl  are  2:1  with  a  20-foot 
berm  at  40-foot  vertical  intervals.  Drainage  from  the 
bowl  is  collected  by  a  system  of  ditches  and  down- 
drains  and  discharged  into  the  afterbay. 

A  flood  channel  bypasses  floodflows  past  the  plant 
site.  The  maximum  peak  runoff  expected  from  the 
Devil  Canyon  Creek  watershed  is  8,000  cfs.  Conserva- 
tive safety  factors  and  other  design  considerations 
were  adopted  to  assure  maximum  protection  for  the 
plant.  The  channel  begins  slightly  north  and  east  of 
the  plant.  A  140-foot-long  inlet  transition  collects  the 
incoming  storm  waters  and  conveys  them  past  the 
plant  and  afterbay  in  a  concrete-lined  rectangular 
channel.  This  channel,  approximately  1,450  feet  long 
with  a  500-foot-long  energy  dissipator  at  the  lower 
end,  is  30  feet  wide  and  varies  from  10  to  25  feet  in 
depth.  A  maximum  depth  of  water  in  the  intake  tran- 
sition occurs  during  large  flows.  To  assure  that  seep- 
age or  percolation  from  this  high  water  poses  no  dan- 
ger to  the  plant,  a  sloped,  10-foot-thick,  clay 
membrane  extends  across  the  entire  opening  of  the 
inlet  transition  down  to  bedrock. 

The  only  access  to  the  Powerplant  is  located  on  the 
east  side  of  the  canyon.  Therefore,  it  was  necessary  to 
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construct  a  bridge  across  the  flood  channel.  This 
bridge  is  a  rigid  concrete  structure  which  utilizes  a 
specially  reinforced  wall  and  floor  slab  section  of  the 
flood  channel  for  foundation  support. 

Plant  Structure 

The  plant  is  a  reinforced-concrete  monolith,  with 
no  joints  other  than  construction  joints.  It  is  162  feet 
long,  104  feet  wide,  and  63  feet  deep  at  maximum 
depth  and  contains  the  coupling  gallery,  valve  pits, 
turbine  runners,  spiral  case,  needle  valves,  tailraces, 
and  other  electrical  and  mechanical  equipment  neces- 
sary for  operation  of  the  plant. 

During  excavation  for  the  plant,  a  zone  of  heavily 
sheared  rock  was  discovered  at  the  southwest  corner 
of  the  foundation.  This  corner  of  the  structure  was 
heavily  reinforced  and  cantilevers  over  this  weak 
foundation  zone. 

The  coupling  gallery  is  located  upstream  of  the 
valve  pits  and  contains  the  penstock  articulation 
spools.  Access  to  this  gallery  is  through  a  watertight 
door.  In  case  of  penstock  rupture  at  the  spools,  this 
door  prevents  flooding  of  the  main  plant.  Water  will 
drain  through  two  grated  floor  openings  into  the  tail- 
race  below. 


The  tailrace,  in  addition  to  passing  the  discharge 
from  the  turbines  to  the  afterbay,  also  provides  a 
working  area  for  removing  the  turbine  runner.  To 
allow  removal  of  the  runner,  a  steel  bulkhead  gate  has 
been  provided  to  close  off  the  tailrace  while  dewater- 
ing  the  unit.  The  gate  is  made  in  two  sections  to  facili- 
tate ease  of  handling. 

Substructure.  The  structural  arrangement  was  de- 
veloped around  the  two  44-foot-diameter  unit  cores 
and  was  influenced  by  the  desire  to  minimize  plant 
width.  The  large  cores  are  the  main  support  for  the 
downstream  superstructure  columns  and  are  the  inte- 
rior supports  for  the  floor  framing  system.  The  fram- 
ing system  is  monolithic  with  the  generator  support 
structures  on  each  floor. 

Design  of  the  substructure  allowed  for  the  future 
addition  of  a  third  unit  without  jeopardizing  the  struc- 
tural integrity  of  the  existing  building.  The  west  wall 
of  the  substructure,  on  both  floors,  consists  of  heavy 
framing  with  an  18-inch  panel  wall  that  can  be 
removed  to  extend  the  building.  Likewise,  the  first 
panel  section  of  the  west  wall  is  readily  removable  to 
provide  space  for  the  tailrace  of  a  third  unit.  The  west 
frame  of  the  superstructure  has  adequate  structural 
strength  to  permit  continuation  of  the  crane  girder 
into  the  addition  (Figure  712). 


PLAN 


I         I         I 


Figure  712.      Future  Expansion  of  Plant 
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Superstructure.  The  superstructure  extends  the 
entire  length  of  the  plant  and  houses  the  service  area 
and  the  generator  floor.  The  front  and  rear  decks  are 
exposed.  Since  the  substructure  is  one  monolith,  the 
superstructure  has  no  expansion  joints.  Steel  frames 
are  exposed  to  accentuate  the  individual  frames  for 
architectural  reasons. 

Nine  similar  rigid  frames  form  the  superstructure. 
Frames  3  through  9  have  a  support  bracket  for  an 
L-frame.  The  L-frame,  located  on  the  south  side, 
forms  the  supporting  structure  for  the  facility  wing  to 
the  superstructure.  This  wing  houses  the  elevator,  en- 
trance area,  control  room,  mechanical  room,  wash- 
room, office,  and  kitchen. 

Thirty-five  feet  above  the  main  floor  there  are  haun- 
ches on  both  columns  of  each  frame.  These  haunches 
support  the  crane  girder  and  rail  for  the  225-ton- 
capacity  bridge  crane.  The  bridge  crane  travels  the 
entire  length  of  the  superstructure  to  provide  service 
to  the  erection  area  and  generator  floor. 

Structural  Instrumentation 

During  construction  of  the  Powerplant,  9  soil  stress 
meters,  20  concrete  stress  meters,  and  2  hydrodynamic 
pore  pressure  cells  were  installed  at  various  locations. 
Readings  from  these  instruments  are  monitored  on  an 
established  time  schedule,  then  analyzed  to  determine 
if  there  has  been  any  changes  in  stresses  or  pressures. 

Three  strong-motion  accelerometers  have  also  been 
installed  in  the  plant:  one  in  the  foundation  material, 
one  at  the  top  of  the  substructure,  and  a  third  approxi- 
mately midway  between  the  two. 

Waterways 

Penstock.  The  6,749-foot-long  penstock  begins 
immediately  downstream  of  the  San  Bernardino  Tun- 
nel and  conveys  water  to  Devil  Canyon  Powerplant. 

This  penstock  is  an  aboveground  steel  pipeline  of 
varying  diameter.  It  begins  at  the  south  portal  of  the 
San  Bernardino  Tunnel  and  ends  at  the  turbine  shut- 
off  valve  in  the  Powerplant. 

The  outlet  from  the  San  Bernardino  Tunnel  is  a 
1 2-foot  9-inch-diameter  steel  pipe  containing  a  roll-out 
section  and  ending  with  a  bifurcation.  The  western 
branch  of  the  bifurcation  is  bulkheaded  and  will  be 
used  for  the  future  penstock  to  Unit  No.  3.  The  other 
branch  is  9  feet  -  6  inches  in  diameter  and  ends  at  a 
114-inch,  butterflv,  emergency,  shutoff  valve. 

Downstream  of  the  114-inch  butterfly  valve,  the 
penstock  is  9  feet  -  6  inches  in  diameter  with  a  design 
capacity  of  1,200  cfs.  It  reduces  in  diameter  in  6-inch 
increments.  After  reduction  to  an  8-foot  diameter  near 
the  Powerplant,  it  branches  and  enters  the  plant  in 
two  6-foot  lines.  The  easterly  branch  discharges  into 
Unit  No.  1,  and  the  westerly  branch  will  serve  Unit 
No.  2. 

Inside  the  plant,  the  two  penstock  branches  pass 
through  a  coupling  chamber  where  the  typical,  ar- 


ticulated, short-spool  assembly,  previously  described 
in  Chapter  I  of  this  volume,  is  installed  as  a  segment 
of  each  penstock  pipe. 

The  exposed  penstock  is  composed  of  40-foot  pipe 
lengths  supported  by  a  ring  girder  and  bearing  assem- 
bly on  each  end.  At  each  pipe  joint,  a  pair  of  ring 
girders  rest  on  a  single  concrete  pier.  A  sleeve-type 
coupling  joins  the  pipe  units  and  provides  flexibility. 
The  upstream,  ring-girder,  bearing  assembly  of  each 
pipe  length  has  an  expansion  bearing  which  can  slide 
on  its  support  block.  Teflon  pads  are  used  for  the 
sliding  surfaces.  The  downstream,  ring-girder,  sup- 
port bearings  are  fixed  with  bolts. 

Hydraulic  thrusts  at  the  bends  along  the  above- 
ground  penstock  alignment  are  resisted  by  concrete 
anchor  blocks.  Normal  seismic  loads  were  considered 
during  design  of  the  supports,  but  this  condition  did 
not  govern. 

The  tunnel  outlet  bifurcation  and  the  first  bend  are 
anchored  by  prestressed  anchor  tendons.  These  were 
designed  to  carry  a  load  of  300  kips  each.  This  anchor- 
age method  is  the  least  costly  and  best  suited  to  the  site 
conditions. 

The  penstock  pipe  is  buried  and  encased  at  two 
locations:  once  where  it  crosses  the  channel  of  Devil 
Canyon  Creek,  and  again  for  a  distance  of  approxi- 
mately 310  feet  next  to  the  Powerplant.  Concrete  en- 
casements on  the  buried  pipe  support  the  earth  load 
and  act  as  anchors  to  resist  thrusts  developed  at  bends 
and  the  bifurcation. 

Design  pressure  for  the  penstock  is  the  maximum 
static  pressure  plus  dynamic  pressure  due  to  closing 
the  turbine  needles.  The  dynamic  pressure  at  the 
plant  is  about  10%  over  the  static  pressure.  Design 
head  on  the  penstock  varies  from  348  feet  at  the  tunnel 
portal  to  1,576  feet  at  the  Powerplant. 

The  penstock  and  manifolds  were  designed  for  the 
following  loading  conditions  and  corresponding  al- 
lowable stresses: 

1.  For  normal  condition  including  dead  load,  wa- 
ter load,  and  transient  pressures,  the  design  stress  is 
0.5  yield  stress  (fy)  of  the  material. 

2.  For  filling  and  emptying  the  penstock,  the  al- 
lowable stress  is  0.65  fy. 

3.  For  normal  conditions  and  an  earthquake 
force,  the  allowable  stress  is  0.75  fy. 

4.  For  normal  condition  and  test  pressure,  the 
allowable  stress  is  0.75  fy. 

Steel  pipe  and  manifolds  were  designed  using  100% 
efficiency  for  welded  joints.  To  assure  100%  joint  effi- 
ciency, the  following  tests  were  made  during  fabrica- 
tion: 

1.  All  full-penetration  welds  were  100%  radio- 
graphed. 

2.  All  fabricated  sections  were  hydrotested  to 
150%  of  the  design  head. 
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Steel  plate  material  for  the  penstock  shell  and  bifur- 
cation reinforcement  is  ASTM  A537,  Grade  A,  nor- 
malized. The  ring  girders  were  fabricated  from 
ASTM  A36  material,  except  that  ASTM  A441  was 
used  on  spans  greater  than  40  feet  in  length. 

The  penstock  shell  plates  vary  from  /2-inch  to  1/16- 
inch  thickness,  and  a  4-inch  crotch  plate  was  required 
at  the  lower  bifurcation. 

Afterbay.  The  flow  from  the  Powerplant  dis- 
charges directly  into  the  afterbay.  The  afterbay  fulfills 
the  following  functions: 

1.  It  provides  an  open  water  surface  for  hydraulic 
control  at  the  intakes  of  multiple  pipelines  which 
distribute  the  flow  to  the  water  users'  system  and 
the  Santa  Ana  Valley  Pipeline. 

2.  It  provides  a  crossing  of  the  Santa  Ana  fault. 
Damage  of  this  "open"  afterbay  would  be  relatively 
easy  and  quick  to  repair. 

3.  It  provides  a  minimal  amount  of  storage  for 
mismatching  of  the  inflow  and  outflow. 

The  afterbay  is  an  earthen  reservoir,  approximately 
550  feet  long,  250  feet  wide,  and  15  feet  deep.  The 
south  end  of  the  afterbay  is  formed  by  the  concrete 
headworks  for  the  various  turnouts.  An  overflow 
spillway  is  located  in  the  southeast  corner.  Any  spill 
from  the  afterbay  will  be  dumped  into  the  flood  chan- 
nel. The  west  side  of  the  reservoir  is  formed  by  excava- 
tion into  the  hill,  while  the  east  side  is  retained  by  an 
embankment.  Portions  of  the  bottom  and  the  east  em- 
bankment are  protected  by  riprap. 

Mechanical  Features 

General 

The  mechanical  installation  includes  two  turbines, 
turbine  shutoff  valves,  governors,  crane,  and  auxiliary 
equipment.  Unit  No.  1  turbine  is  installed  and  operat- 
ing. Unit  No.  2  turbine,  governor,  and  valve  are  under 
contract  and  are  scheduled  for  operation  in  1976. 

Chapter  I  of  this  volume  contains  information  on 
the  mechanical  equipment  and  systems  for  this  plant 
which  are  common  to  other  plants  in  the  State  Water 
Project.  Information  and  descriptions  which  are 
unique  to  this  plant  are  included  in  the  following: 

Selection  of  Units 

Both  Francis-  and  impulse-type  turbines  were  con- 
sidered for  this  plant.  The  final  decision  to  use  the 
impulse  turbine  was  based  on  the  following  factors: 

1.  Highly  reliable. 

2.  Reduced  penstock  pressure  rise.  Needle  tim- 
ing may  be  extended  without  affecting  unit  speed 
rise. 

3.  Capability  of  bypassing  water  through  the  unit 
with  the  deflectors  in  place. 

4.  Selection  of  2,  4,  or  6  needle  operation  permits 
a  wide  range  of  flow  with  high  unit  efficiency. 


Hydraulic  Transients 

Hydraulic  transient  criteria  were: 

1.  Simultaneous  rejection  of  115%  of  rated  plant 
generating  load  at  maximum  head. 

2.  Simultaneous  load  acceptance  of  all  units  at 
minimum  head. 

3.  Speed  rise  limited  to  approximately  30%  by 
the  deflectors. 

In  order  to  reduce  the  pressure  rise  and  consequent- 
ly the  cost  of  the  lengthy  high-pressure  penstocks,  a 
relatively  long  governor  time  of  90  seconds  was  adopt- 
ed for  this  plant.  This  timing  will  limit  the  water- 
hammer  surge  to  10%  above  the  static  pressure  of  the 
system.  This  results  in  the  optimum  design  since  sys- 
tem load  and  frequency  control,  as  normally  consid- 
ered, are  not  possible  due  to  the  small  afterbay  and  the 
long  start  (acceleration  time)  of  the  pipelines  to  Lake 
Perris  and  the  downstream  water  users. 

An  impulse  turbine  is  ideally  suited  for  this  type 
service,  because  the  discharge  through  the  unit  is  not 
influenced  by  a  change  in  runner  speed.  Further,  the 
overspeed  can  be  controlled  by  the  deflectors,  while 
the  discharge  is  slowly  reduced  by  the  needles. 

Field  Tests.  Higher  than  expected  penstock  pres- 
sures were  encountered  when,  preparatory  to  start-up 
testing  of  Unit  No.  1,  the  turbine  shutoff  valve  was 
tested  by  the  manufacturer.  The  purpose  of  this  test 
was  to  verify  the  satisfactory  closure  of  the  valve 
against  maximum  needle  discharge  with  the  deflectors 
in  place.  This  had  to  be  accomplished  first  before  the 
turbine  manufacturer's  representative  would  permit 
the  unit  to  be  started.  During  closure,  the  gauges  on 
the  control  panel  were  observed  to  reach  680  pounds 
per  square  inch  (psi),  a  pressure  rise  of  10%,  the  max- 
imum design  pressure  for  simultaneous  needle  closure 
of  two  turbines;  closure  of  only  one  valve  should  have 
produced  less  than  half  this  rise.  A  subsequent  review 
revealed  that  the  hydraulic  operator  on  the  valve  had 
been  inadvertently  set  at  the  minimum  specified  clos- 
ing time;  it  was  further  suspected  that  the  manufac- 
turer's valve  closure  curves  submitted  for  transient 
studies  were  in  error. 

Subsequently,  in  February  1973,  the  Department's 
hydraulic  transient  tests  on  Unit  No.  1  were  per- 
formed. Inspection  of  the  resultant  oscillograms  pro- 
duced by  the  now  fuily  instrumented  valve  test 
showed  the  manufacturer's  predicted  valve  closure 
curves  (discharge  v.  stroke)  were,  in  fact,  in  error. 
Flow  was  reduced  by  the  rotating  valve  plug  much 
more  rapidly  in  the  mid-stroke  range  than  was  expect- 
ed. Also,  flow  through  the  open  seat  was  approximate- 
ly 10%  of  full  flow,  much  higher  than  anticipated.  To 
reduce  pressure  rise  to  the  acceptable  level,  valve  clo- 
sure time  was  adjusted  to  240  seconds  for  the  plug 
followed  by  seat  closure  in  12  seconds. 

After  all  adjustments  were  made,  a  1 1 5%  rated  load 
rejection  produced  a  pressure  rise  of  5%  over  static 
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pressure  with  a  speed  rise  of  30%,  well  within  the  de- 
sign criteria  for  a  single  unit.  Final  tests  showed  all 
systems  operated  satisfactorily  and  confirmed  that 
adding  a  second  unit  to  the  penstock  could  be  safely 
accomplished. 

The  surge  tank,  at  the  head  of  the  penstocks,  which 
serves  San  Bernardino  Tunnel,  will  be  tested  upon 
completion  of  installation  of  Unit  No.  2.  A  completely 
instrumented  test  was  considered  unnecessary  with 
only  one  unit  operational.  Since  the  surge  chamber  is 
designed  to  accommodate  flow  for  the  ultimate  three- 
unit  powerplant  capacity,  and  one  unit  produces 
minimal  surging,  the  oscillograph  traces  for  the  pen- 
stock were  judged  adequate  to  verify  proper  operation 
for  the  interim  period. 


Equipment  Ratings 
Turbine 
Manufacturer: 


Type: 

Horsepower: 

Head: 

Speed: 

Maximum  Efficiency: 

Turbine  Shutoff  \  'alve 
Manufacturer: 


Type: 
Size: 

Design  Pressure: 
Operating  Time: 
Operating  System 
Pressure: 

Penstock  Valve 
Manufacturer: 
Type: 
Size: 

Design  Pressure: 
Operating  Time: 
Operating  System 
Pressure: 

Governor 

Manufacturer: 


Type: 

System  Pressure: 

Servo  Capacity: 

(Needles  and 

Deflector) 
Full  Needle  Stroke: 
Full  Deflector 

Stroke: 

Crane 
Manufacturer: 

Type: 


Main  Hoist: 
Auxiliary  Hoist: 
Span: 


Unit  No.  1— 
Baldwin-Lima- 
Hamilton  Corp. 

Unit  No.  2— 
Escher  Wyss 

Impulse,  six-nozzle, 
vertical-shaft 

81,000  @  1,357  feet 

1,368  to  1,433  feet 

277  rpm 

90.5% 

Unit  No.  1 — Baldwin- 
Lima-Hamilton  Corp. 

Unit  No.  2 — Escher 
Wyss 

Spherical,  double-seated 

54  inches 

720  psi 

4  minutes 

2,300  psi 

Yuba  Industries,  Inc. 

Butterfly 

1 14  inches 

120  psi 

1  minute 

2,300  psi 

Unit  No.  1 — Baldwin- 
Lima-Hamilton 

Unit  No.  2 — Cheston 
Co. 

Cabinet-actuator 

350  psi 

275,200  ft-Ibs 


90  sec/60  sec.  cushion 
6.5  sec. 

Crane  Hoist  Engineer- 
ing and  Mfg.  Co. 

225-ton,  double-trolley, 
electric,  overhead, 
traveling,  bridge 

112.5  tons 

25  tons 

53  feet  -  1  inch 


Turbine  Scroll  Case  and  Nozzles 


Turbines 

The  turbines  are  vertical-shaft,  single-runner,  six- 
jet,  impulse  type  and  were  designed  for  direct  connec- 
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tion  to  a  synchronous  generator  operating  at  277  rpm 
(Figures  713  and  714).  The  setting  of  the  centerline  of 
the  wheel  is  at  elevation  1,942  feet.  The  maximum 
afterbay  water  surface  is  at  elevation  1,934  feet,  which 
provides  ample  clearance  against  flooding  of  the 
wheel.  The  units  are  capable  of  producing  a  wide 
range  of  power  at  high  efficiency  (from  10,000  horse- 
power at  88%  efficiency  with  two  nozzles  to  90,000 
horsepower  at  90%  efficiency  with  six  nozzles). 

The  runner  is  of  the  integrally  cast  type,  fabricated 
from  chrome  alloy  cast  steel  for  protection  against 
cavitation  and  pitting  (Figure  715).  The  turbine 
wheel  pit  provides  for  removal  of  the  runner  from 
below  by  means  of  a  transfer  car.  Six  nozzles  supply- 
ing water  to  the  turbine  runner  are  each  equipped 


with  a  servomotor-operated  needle  to  control  flow 
(Figure  716).  Each  nozzle  is  equipped  with  a  jet  de- 
flector, which  is  operated  by  means  of  a  deflector  ser- 
vomotor (Figure  717).  The  needle  and  deflector 
servomotors  are  balanced  by  helical  springs  so  that 
total  needle  closure  and  total  deflection,  respectively, 
can  be  achieved  in  the  event  of  failure  of  governor  oil 
pressure.  A  braking  nozzle  assists  for  final  shutdown. 

Turbine  Shutoff  Valves 

Each  unit  is  provided  with  a  54-inch  shutoff  valve 
(Figure  718).  It  is  the  spherical-type,  double-seated, 
hydraulic  cylinder-operated  and  was  designed  to  sus- 
tain the  maximum  transient  pressure  without  exceed- 
ing allowable  design  stresses. 


Figure  715.     Turbine  Runner 


Figure  717.     Jet  Deflector 


Figure  716.     Turbine  Needle  Servomotor 


Figure  718.     54-Inch  Turbine  Shutoff  Spherical  Valve 
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The  valve  has  an  electrohvdraulic  actuating  and 
control  system  (Figure  71°).  Each  seat  is  separately 
controlled  and  operated  by  water  from  the  pressure 
side  of  the  valve.  The  valve  and  controls  were  de- 
signed for  normal  opening  and  closing  and  for  emer- 
gency closure  under  full  head.  The  hydraulic  system 
consists  of  2,300-psi,  nitrogen-charged,  piston-type  ac- 
cumulators; sump;  pumps;  valves;  piping;  and  controls 
required  for  operation. 

The  operating  system  was  designed  with  as  many 
fail-safe  features  as  practicable.  The  design  provided 
for  an  automatic  sequencing  unit  with  feedback  and 
interlock  features  to  avoid  operator  error.  Numerous 
provisions  and  back-up  devices  were  installed  to  pre- 
vent accidental  opening  of  the  valve  during  the  con- 
struction period  and  periods  of  maintenance  when  the 
spiral  case  man-door  may  be  opened. 

Penstock  Valve 

The  penstock  valve  is  located  at  the  end  of  San  Ber- 
nardino Tunnel  just  downstream  of  the  surge  cham- 
ber at  an  elevation  approximately  1,150  feet  above  the 
Powerplant  (Figure  720). 

The  normally  open  valve  is  used  for  dewatering  the 
penstock  for  downstream  repair  and  maintenance.  It 
is  designed  for  emergency  closure  against  flows  up  to 
3,300  cfs  in  the  event  of  seismic  damage  to  the  pen- 
stock. Emergency  closure  is  initiated  by  actuation  of 
a  velocity  trip  mechanism.  This  mechanism  was  cali- 
brated during  hydraulic  transient  tests  to  permit  ad- 
justment for  higher  flows  when  the  second  unit  is 
installed  on  the  penstock. 

The  valve  is  designed  to  be  opened  under  a  balanced 
head  which  is  obtained  by  means  of  a  10-inch  bypass 
valve.  Operating  power  for  the  penstock  valve  and 
bypass  is  provided  by  a  nitrogen  gas-driven  piston 
accumulator  system.  The  2,300-psi  hydraulic  system  is 
capable  of  one  opening  and  two  closing  cycles  before 
recharging  is  required  by  the  pumps. 

Governors 

Each  unit  has  an  electrohydraulic,  oil-pressure, 
cabinet-actuator-type  governor  designed  for  speed 
regulation  and  control  of  the  turbine.  The  governor 
has  an  electrically  driven  speed-responsive  element 
directly  connected  to  the  pilot  valve  for  operation  of 
the  master  needle  relay  valve.  Movement  of  the  master 
needle  relay  valve  positions  the  remaining  five  slave 
needle  relay  valves.  Jet  deflectors  are  actuated  by 
speed-sensing  control  linkage  whenever  the  needle 
movement  is  too  slow  to  control  the  speed  rise  (Fig- 
ures 721,  722,  and  723). 

In  addition  to  manual,  local,  and  remote  controls, 
the  governor  has  an  electrically  operated  speed-adjust 
mechanism  which  receives  its  signal  from  the  afterbav* 
control  system  for  automatic  control  of  the  units. 


Figure  721.      Governor  Control  Cobinet 
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Figure  722.      Governor  Control  Cabinet — Interior 


Figure  723.     Governor  Accumulator  Tank  and  Piping 


Equipment  Handling — Crane 

This  powerhouse  has  a  225-ton  bridge  crane,  sized 
for  the  larger  future  unit,  for  installation  and  mainte- 
nance of  plant  equipment.  It  has  two  trolleys,  each 
with  a  112.5-ton  main  hoist  and  a  25-ton  auxiliary 
hoist.  When  handling  the  generator  rotor,  the  two 
1 12.5-ton  hoists  operate  in  unison  with  rotor  suspend- 
ed on  a  lifting  beam. 

Auxiliary  Service  Systems 

The  auxiliary  service  systems  in  the  plant  are  de- 
scribed in  Chapter  I  of  this  volume  with  the  following 
exception: 

Afterbay  Water-Level  Control.  Precise  regula- 
tion of  flow  by  the  turbines  was  imperative  to  avoid 
overtopping  or  draining  the  afterbay  due  to  its  small 
volume  and  the  long  time  required  to  overcome  the 
inertia  of  the  water  in  the  20-mile-long  pipelines 
served  by  the  afterbay. 

An  afterbay  control  system  was  provided  to  au- 
tomatically control  the  unit  loading  by  the  governor 
as  follows: 

1.  Regulate  power  within  setpoint  limits  to  main- 
tain the  afterbay  level  within  designated  elevations. 

2.  Match,  insofar  as  possible,  afterbay  flow  with 
turbine  flow  without  regard  to  power  regulation. 

3.  Allow  full  governor  flyball  regulation  without 
regard  to  afterbay  condition. 


The  control  system  is  the  proportional  type  with 
manual  adjustment  of  the  proportional  band  width;  it 
varies  the  unit  load  based  on  afterbay  water-level 
changes.  A  signal  generated  by  a  float  is  introduced 
into  the  system  whih  detects  the  error  between  the 
setpoint  and  the  actual  level  and  feeds  the  governor 
speed-adjust  transducer  with  a  voltage  proportional  to 
error.  The  transducer  then  adjusts  unit  load  (flow) 
through  the  speed-adjust  mechanism  until  the  error  is 
nulled.  An  analog  model  of  the  control  system  was 
built  to  determine  system  stability  and  response  to 
varying  flow,  starting  and  stopping,  and  different  pro- 
portional band  widths.  Data  obtained  from  this  model 
were  used  to  optimize  the  design. 

A  field  test  was  conducted  on  the  control  system  of 
Unit  No.  1  to  verify  its  behavior  under  several  modes 
of  operation.  During  the  course  of  the  test,  some  sta- 
bility problems  arose  due  to  afterbay  wave  action  on 
the  float.  The  problem  was  temporarily  solved  by  in- 
creasing the  width  of  the  proportional  band.  After  this 
adjustment,  the  system  performed  satisfactorily  in  ac- 
cordance with  design  criteria.  For  a  permanent  solu- 
tion, an  electronic  circuit  is  being  provided  to  cut 
unwanted  signals  from  the  float  when  the  rate  of 
change  exceeds  the  normal  expected  from  the  system 
or  when  there  is  a  high  frequency  reversal  of  float 
movement  characteristic  of  wave  action. 
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Figure  724.     63.0/84.0MVA  Tr 
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Electrical  Features 

General 

The  electrical  installation  includes  the  generators, 
switchgear,  voltage-regulating  equipment,  power 
transformers,  switchyard  equipment,  and  the  control 
and  auxiliary  systems. 

General  descriptions  of  electrical  systems  which  are 
common  to  other  major  plants  are  described  in  Chap- 
ter I  of  this  volume.  Items  unique  to  this  plant  are 
discussed  in  following  sections. 

Description  of  Equipment  and  Systems 

The  115-kV  switchyard  contains  a  single  circuit 
breaker  to  terminate  the  transmission  line  and  a  single 
bus  to  connect  the  two  power  transformers  through 
their  disconnect  switches.  Lightning  arresters  and 
revenue  metering  were  installed  in  the  switchyard. 
Power  transformers  increase  the  voltage  from  13. 8  kY. 

Two  generators  are  operated  and  protected  by  air- 
blast,  station-type,  circuit  breakers.  Capacitors  and 
lightning  arresters  on  the  line  side  of  each  generator 
protect  from  transient  overvoltages.  Isolated-phase 
bus  connects  the  low-voltage  side  of  the  power  trans- 
former to  the  circuit  breakers  and  generators  (Figure 
724).  The  neutral  of  each  generator  is  connected  to 
ground  through  the  high-voltage  winding  of  a  distri- 
bution transformer.  A  resistor  is  connected  to  the 
transformer  low-voltage  winding.  This  combination 
limits  ground  fault  currents  and  is  used  to  detect  ab- 
normal ground  currents. 

A  double-ended  substation  is  used  to  distribute  sta- 
tion service  power  at  480  volts  to  various  distribution 
centers  located  throughout  the  plant  near  the  loads 
(Figure  725).  Two  station  service  transformers 
reduce  voltage  from  1 3.8  kY  and  are  connected  at  each 
end  of  the  substation. 

A  control  room  is  provided  for  normal  operation  of 
the  plant  although  units  can  be  operated  locally  at  the 
unit  switchboards  (Figure  726).  Remote  control  also 
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Figure   726.     Control  Room 


Figure  727.     Recording  Switchboord 
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is  used  by  the  area  control  center,  as  described  in 
Volume  V  of  this  bulletin.  The  system  will  control, 
monitor,  log  data,  display,  and  annunciate  all  neces- 
sary points  of  the  plant  and  switchyard.  Protective 
relays,  annunciators,  instruments,  and  meters  are 
mounted  on  switchboards  on  a  unit  basis  (Figure 
727). 

Equipment  Ratings 

Generators  Nos.  1  and  2 

Manufacturer:     General  Electric  Company 

Type:  Vertical-shaft,  synchronous 

Rated  capacity:  63,000  kVA 

Speed:  277  rpm 

Power  factor:     95% 

Frequency:     60  Hz 

Phase:     3 

Volts:      13,800 
Power  Transformers  Nos.  1  and  2 

Manufacturers:     Federal  Pacific  Electric 
Company — No.  1 
Westinghouse  Electric 
Corporation — No.  2 

Volts:     115-13.2  kV 

Taps:     In  the  high-voltage  winding,  2'/2  and  5% 
above  and  below  115  kV 

Phase:     3 

Frequency:     60  Hz 

Capacity:     63,000/84,000  kVA 

Type:     OA/FA 

Connections:     Grounded  Wye — Delta 
Station  Service  Transformers 

Number  of  transformers:     2 

Volts:     13,800— 480Y/277 

Phase:     3 

Frequency:     60  Hz 

Capacity:     750  kVA 

Type:     OA 


Generators 

Rating  and  capacity  of  generators  were  selected  to 
match  the  turbine  ratings  as  required  for  head  and 
flow  conditions.  Electrical  and  mechanical  character- 
istics are  within  standard  ranges  established  by  manu- 
facturers, resulting  in  lower  cost  machines.  Gen- 
erators have  direct-connected  exciters  and  static  volt- 
age regulators  (Figure  728).  Regulators  are  thyristor 
type  using  silicon-controlled  rectifiers  in  the  output 
circuit  that  drives  the  exciter  field.  The  excitation  sys- 
tem has  both  automatic  voltage  regulator  and  manual 
exciter  field  rheostat  control  functions  for  control- 
ling the  generator  terminal  voltage  and  also  includes 
various  limit,  compensator,  and  start-up  circuits. 

One  lower  guide  bearing  and  one  upper  guide  and 
thrust  bearing  were  required  in  each  generator  to  give 
maximum  stability,  both  for  short-circuit  and  earth- 
quake conditions.  The  relatively  high  speed  of  the 
machines  and  minimum  space  requirements  for  the 
turbine  made  it  desirable  to  design  the  thrust  bearing 
for  removal  from  above  the  rotor.  Adequate  headroom 
could  also  be  obtained  with  minimum  cost. 

Generators  were  furnished  under  separate  con- 
tracts as  Unit  No.  2  was  scheduled  for  operation  three 
years  later  than  Unit  No.  1.  Since  spare  parts,  tools, 
and  handling  equipment  would  not  be  needed  if  the 
second  generator  was  essentially  the  same  as  the  first 
generator,  alternative  bidding  was  provided  to  gain 
the  advantage  of  this  possible  reduction  in  costs.  One 
alternative  provided  for  the  manufacturer  of  the  first 
generator  to  bid  without  furnishing  the  duplicate 
parts;  the  second  alternative  was  available  to  other 
manufacturers  who  were  required  to  furnish  the  com- 
pleted work.  The  manufacturer  of  generator  No.  1 
was  the  low  bidder  in  bidding  generator  No.  2  as  a 
"near  duplicate". 


Figure  728.     63-MVA  Generator 
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115-kV  Switchyard 

The  switchyard  was  designed  to  serve  the  Power- 
plant  as  initially  constructed,  without  provision  for 
future  expansion.  One  circuit  terminates  the  trans- 
mission line  and  connects  to  the  single  bus  circuit 
(Figure  729).  Disconnect  switches  connecting  the 
power  transformers  to  the  bus  have  the  capability  of 
interrupting  magnetizing  current  of  the  transformers. 
This  arrangement  allows  a  transformer  to  be  deener- 
gized  while  the  other  unit  is  under  full  load.  Strain- 
type  rather  than  rigid-type  bus  was  used  for  the  main 
run  to  provide  better  protection  from  damage  bv 
earthquake.  Revenue  metering  and  lightning  arrester 
protection  are  provided  in  the  switchyard. 

Generator  Breakers 

Interrupting  requirements  for  the  short  circuit 
kYA  of  the  13.8-kV  system  required  the  use  of  air- 
blast  station-type  breakers  (Figure  730).  An  alterna- 
tive to  this  selection  would  have  been  to  use  breakers 
in  the  high-voltage  side  of  each  transformer.  General 
space  savings  favored  use  of  low-voltage  breakers.  Sta- 
tion service  also  can  be  maintained  with  one  of  the 
generators  out  of  service.  Economics  and  convenience 
of  operation  were  the  main  factors  which  influenced 
the  decision  to  use  13.8-kY  breakers.  Isolated-phase 
bus  was  used  to  connect  between  the  generator,  cir- 
cuit breaker,  and  transformer  because  it  has  the  same 
system  integrity  as  the  station-type  circuit  breakers. 


Figure  730.      15-kV  Generator  Breake 


Figure  729.      115-kV  Switchyard 
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Construction 

Contract  Administration 

Table  14  includes  general  information  about  the 
major  contracts  for  the  construction  of  Devil  Canyon 
Powerplant.  The  principal  construction  work  was 
performed  as  part  of  four  large  contracts.  The  furnish- 
ing and  installing  of  major  equipment  was  by  separate 
contracts. 

Excavation 

Excavation  for  Devil  Canyon  Powerplant  and  ap- 
purtenances was  performed  between  September  1969 
and  June  1970.  Four  areas  were  excavated:  (1)  the 
flood  channel;  (2)  the  afterbay;  (3)  the  west  ridge, 
which  forms  the  west  slopes  of  the  afterbay;  and  (4) 
the  plant  site,  which  included  a  portion  of  the  pen- 
stock adjacent  to  the  plant. 

Material  excavated  from  the  flood  channel  and  the 
afterbay  was  extremely  rocky  (Figure  731).  Large 
bulldozers  and  a  front-end  loader  were  employed  to 
excavate  and  load  this  material  into  trucks,  which 
hauled  the  material  to  designated  Waste  Area  No.  3. 
Some  of  the  boulders  encountered  in  this  excavation 
were  so  large  that  it  was  necessary  to  split  them  with 
a  hydraulic  rock  splitter  before  further  handling. 

Most  of  the  excavation  occurred  at  the  plant  site  and 
west  ridge  area.  Self-loading  scrapers  began  these  ex- 


cavations from  the  west  ridge,  loading  downhill  and 
carrying  their  loads  to  mandatory  Spoil  Levees  Nos. 
5  and  7.  Early  in  October  1969,  it  was  determined  that 
much  of  this  material  would  be  required  for  the  con- 
struction of  the  roads  located  south  and  west  of  the 
afterbay.  In  order  to  use  this  material  for  the  road  fills, 
removal  of  material  greater  than  5  inches  in  size  was 
required. 

Excavated  material  was  pushed  from  the  slopes  by 
bulldozers  onto  a  grizzly  installed  over  a  belt  loader 
which  fed  the  scrapers.  This  material  was  placed  in 
the  road  embankments  or  hauled  to  mandatory  Spoil 
Levees  Nos.  5  and  7.  Oversized  material  was  hauled  to 
Waste  Area  No.  3.  Spoil  Levee  No.  6  was  not  con- 
structed because  of  shortage  of  material. 

The  flood  channel  was  overexcavated  approximate- 
ly 15  inches  and  backfilled  with  the  minus  5-inch 
material  obtained  from  the  west  ridge  excavation  so 
that  the  subdrainage  system  could  be  installed  in  the 
finer  backfill  material.  After  installing  the  subdrain- 
age system,  the  backfilling  of  the  flood  channel  was 
completed  using  material  from  the  belt  loader.  Com- 
paction was  obtained  with  a  vibratory  roller  and  by 
wheel  rolling. 

Material  for  the  clay  membrane  located  at  the  flood 
channel  inlet  was  obtained  from  a  clay  borrow  area 
approximately  1  mile  north  of  the  powerplant  site 
adjacent  to  the  penstock  trench.  Clearing  and  explora- 


TABLE  14.     Major  Contracts — Devil  Canyon  Powerplant 


Specification 


Low  bid 
amount 


Final 
contract  cost 


Total  cost — 
change  orders 


Starting 
date 


Comple- 
tion date 


Prime  contractor 


Turbine,  governor,  and  valve 
generator 

Devil  Canyon  Powerplant. 
Power  transformer.. 

Generator  switchgear  and 
station  service  transformer 

Penstock 

Station  service  switchgear. 

Main  control  and  recording 
switchboards 

Completion  of  Devil  Canyon 
Powerplant 

Strong-motion  acceleration 
monitoring   systems   (in- 
cluding Pearblossom 
Pumping  Plant  and  Devil 
Canyon  powerplant 

Turbine,  governor,  and 
valve — Unit  II 

Generator — Unit  II 

Stoplogs  and  lifting  beam — 
Devil  Canyon  Powerplant 

Power  transformer — Unit 
II 


68-41 
68-59 
69-10 
69-22 


69-26 


70-02 
70-03 


70-09 
70-18 


71-13 
72-05 
72-22 

73-03 
73-26 


£1,778,749 

978,015 

7,528,799 

162,603 


146,018 


4,973,446 
61,280 


114,075 
1,890,277 


86,028 
1,904,860 
1,273,000 

62,300 
197,443 


31,872,264 

1,178,757 

9,246,228 

171,819 


165,000 

(Est.) 

5,733,817 

64,483 


12S,000 
(Est.) 


2,523,814 


94,219 

1,925,000 
(Est.) 

1,280,000 
(Est.) 

68,818 

217,000 
(Est.) 


?40,000 

28,509 

1,263,216 

1,000 


— 105: 


381,176 
—78 


6,394* 
153,859 


6,517 


2/17/69 
4/14/69 
9/  2/69 
10/24/69 


11/26/69 


4/  2/70 
4/10/70 


5/26/70 
8/27/70 


6/  9/71 
7/26/72 
3/  2/73 

4/  2/73 
8/23/73 


11/30/73 
1/15/74 
1/  7/72 
3/30/73 


12/74 
(Est.) 
8/23/72 
2/  4/74 


12/74 
(Est.) 


1/31/73 


12/  4/72 

9/75 
(Est.) 
1/76 
(Est.) 

11/16/73 

8/75 
(Est.) 


Baldwin-Lima-Hamilton 
General  Electric  Co. 
Vinnell  Corp. 
Federal    Pacific    Electric 
Co. 

General  Electric  Co. 

Zurn  Engineers 
Westinghouse  Electric 
Corp. 

Golden  Gate  Switchboard 


Wismer   &   Becker   Con- 
tracting Engineers 


Electra-Physics 
Sulzer  Bros.  Inc. 
General  Electric  Co. 


Altius  Corp. 

Westinghouse  Electric 
Corp. 
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the  Flood  Channel 


ng  Riprap  at  Inlet  to  Flood  Channel 


tioo  of  the  borrow  area  began  in  October  1969.  Bull- 
dozers cleared  the  area  and  pushed  the  clay  material 
into  stockpiles  which  were  tested  for  specification 
compliance.  The  approved  material  was  loaded  into 
dump  trucks  and  hauled  to  the  flood  channel  inlet, 
where  it  was  stockpiled  for  later  use. 

Excavation  for  the  clay  membrane  in  the  flood 
channel  consisted  of  a  trench  with  approximately  %:1 
slopes.  A  large  dozer  with  ripper  pushed  the  material 
into  piles,  and  a  loader  hauled  it  out  of  the  trench 
where  it  was  loaded  into  dump  trucks,  or  stockpiled. 
A  2-foot-deep  key  for  the  membrane  was  excavated 
into  the  rock  foundation  with  a  tractor-mounted  rip- 
per and  a  jackhammer.  The  excavation  was  wet  and 
required  continuous  pumping. 

Clay  membrane  for  the  flood  channel  inlet  was 
placed  in  December  1969.  The  clay  was  watered  in  the 
stockpile  and  again  as  it  was  spread.  Roots  and  over- 
size material  were  removed  by  hand  during  spreading 
and  compacting.  Compacted  embankment  using 
minus  5-inch  material  was  constructed  on  the  up- 
stream side  of  the  clay.  A  combination  of  wheel  rolling 
with  a  loader  and  then  a  compactor  was  found  to  be 
satisfactory  in  obtaining  the  required  density. 

Material  for  the  clay  membrane  along  the  east  side 
of  the  afterbay  was  obtained  by  the  contractor  from  a 
private  site.  Excavation  for  the  membrane  was  started 
in  May  1970.  The  borrow  site  was  developed  by  a 
subcontractor  who  also  hauled  the  material  to  the  aft- 
erbay. The  material  was  placed  by  a  front-end  loader 
and  compacted  by  a  bulldozer. 

Riprap,  most  of  which  was  obtained  from  Waste 
Area  No.  3,  was  placed  on  the  entire  afterbay  bottom 
and  side  slopes  and  at  the  inlet  and  outlet  of  the  flood 
channel  (Figures  732  and  733). 

Concrete  Placement 

The  contractor  used  a  stationary  concrete  batching 
and  mixing  plant.  Batches  were  automatically  con- 
trolled with  a  punch-card  system  having  a  separate 
punch  card  for  each  mix  design. 

A  tilting-drum  mixer  dumped  concrete  into  4-cu- 
bic-yard  buckets  which  were  placed  on  haul  trucks  or 
a  specially  designed  low-bed  trailer  powered  by  a  two- 
wheel  tractor.  These  units  conveyed  concrete  to  the 
placing  sites  where  it  was  unloaded  and  hoisted  to  the 
forms  by  a  crane.  The  cranes  had  an  automatic  hook, 
and  the  bucket  gates  were  hydraulically  controlled. 

Pneumatic  vibrators  of  3l/2-inch  diameter  were  used 
to  consolidate  the  1  '/,-inch  maximum  size  aggregate  in 
the  flood  channel  walls.  Six-inch  vibrators  were  used 
for  the  3-inch  aggregate  in  the  flood  channel  floor 
(Figure  734). 

Floor  slabs  were  cured  by  soaker  hose  and  water- 
saturated  burlap  and  walls  by  spray  from  perforated 
plastic  pipe  hung  along  the  top. 

Concrete  was  placed  as  near  as  possible  to  50  de- 
grees Fahrenheit,  which  necessitated  using  up  to 
100%  ice  instead  of  water  for  mixing  (Figure  735). 
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Protective  Coatings 

Coal-tar  epoxy  was  used  as  a  protective  coating  for 
the  interior  of  all  steel  piping,  flow  tubes,  Venturi 
meters,  and  valves.  The  protective  coating  for  all  ex- 
posed steel  piping,  flow  tubes,  Venturi  meters,  and 
valves  was  inorganic  zinc  silicate  with  a  tie-coat  and 
a  vinyl  color  coat.  A  cement  mortar  or  coal-tar  epoxy 
was  used  on  partially  buried  steel  piping,  and  coal-tar 
enamel  was  used  on  the  buried  steel  piping. 

Penstock 

The  penstock  was  constructed  in  steep  terrain  (Fig- 
ure 736).  Some  of  the  higher  ridges  required  deep 
cuts.  Reinforced-concrete  piers  were  used  to  span 
some  of  the  canyons  (Figure  737). 

Progress  was  slow  during  construction  of  the  last 
300  feet  from  the  Powerplant  due  to  alignment  trou- 
bles, out-of-roundness  of  the  pipe,  and  misalignment 
of  the  wye  section  at  the  powerhouse,  all  of  which 
required  correction.  In  addition,  when  the  penstock 
was  erected  on  sliding  supports,  elongated  holes  were 
found  necessary  to  prevent  the  pipe  from  buckling 
due  to  expansion  under  warmer  than  average  weather. 

Excavation  for  the  penstock  was  made  with  pairs  of 
multiengine  motor  scrapers  hooked  together.  This 
system  was  used  to  eliminate  the  need  for  push  trac- 
tors to  load  the  units.  Instead  they  loaded  each  other. 
After  both  were  loaded,  the  hookup  was  disengaged  so 
each  unit  could  travel  separately  to  the  dumping  area. 
A  large  tractor,  with  slopeboards  mounted  on  each 
side,  was  used  to  finish  the  cut  slopes. 


Figure  734.     Placing  Concrete  in  Flood  Channel  Floor  Slab 


Figure  737.     Pipe  Pedestals  and  Pie 
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As  the  grading  progressed,  excavation  for  pipe 
pedestals  began.  Each  pad  acted  as  a  base  for  two  pairs 
of  pedestals.  Each  pair  supported  a  ring  girder  in- 
stalled at  both  ends  of  each  pipe  section  during  fabri- 
cation. Compaction  of  the  pad  subgrade  was 
performed  with  hand-operated  machine  vibrators  be- 
cause of  the  limited  work  space.  At  the  summit  of  each 
hill  and  the  bottom  of  each  canyon  where  the  penstock 
had  a  vertical  curve,  concrete  encasement  of  the  pen- 
stock was  necessary  for  an  anchor  block  (Figure  738). 
Excavation  for  the  anchors  was  performed  with  a 
backhoe. 

Concrete  was  transported  to  the  work  sites  in  trans- 
it mix  trucks.  In  many  areas  where  access  was  dif- 
ficult, concrete  was  either  pumped  or  conveyed  by 
belt.  In  more  easily  accessible  areas,  concrete  was 
chuted  directly  into  the  forms  or  hoisted  by  crane  in 
concrete  buckets. 

Where  the  penstock  alignment  crossed  a  canyon, 


concrete  piers  were  constructed.  In  other  canyons,  the 
pipe  was  encased  in  reinforced  concrete  below 
streambed.  The  penstock  also  passes  under  the  San 
Bernardino  Tunnel  access  road  at  two  locations. 

Other  Construction 

Construction  of  the  powerplant  superstructure  and 
other  building  components  was  routine. 

The  first  turbine  unit  was  manufactured  and  in- 
stalled by  Baldwin-Lima-Hamilton  under  separate 
contract  and  the  generator  by  the  General  Electric 
Co.,  also  by  separate  contract.  The  installation  was 
routine. 

The  turbine,  governor,  and  valve  for  Unit  No.  2  is 
being  furnished  and  installed  by  Sulzer  Bros,  under 
separate  contract,  Specification  No.  72-05.  Unit  No.  2 
generator  is  being  furnished  and  installed  by  the  Gen- 
eral Electric  Company,  also  under  separate  contract, 
Specification  No.  72-22. 
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Figure  738.      Reinforced-Concrete  Pipeline  Eneas 
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The  following  engineering  drawings  may  be  found  in  consecutive  order  im- 
mediately after  this  reference  (Figures  739  through  756). 
Figure 
Number 

739  General  Plan 

740  General  Arrangement — Elevation  1,970.0 

741  General  Arrangement — Elevation  1,954.0 

742  General  Arrangement — Elevation  1,938.0 

743  General  Arrangement — Longitudinal  Section 

744  General  Arrangement — Transverse  Section  Through 

Centerline  of  Unit 

745  General  Arrangement — Transverse  Section  Between  Units 

746  Design  Data 

747  Penstock — Plan  and  Profile 

748  Headworks — Plan 

749  Devil  Canyon  Creek  Crossing 

750  Crane  Clearance  Diagram 

751  Spherical  Valve  Hydraulic  Schematic 

752  Penstock  Valve  Hydraulic  Schematic 

753  Single-Line  Diagram 

754  115-kV  Switchyard  Equipment — Plan 

755  115-kV  Switchyard  Equipment — Sections 

756  Grounding 
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Figure  739.     General  Plan 
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Figure   740.      General  Arrangement — Elevation  1,970.0 
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Figure  741.     General  Arrangement — Elevation  1,954.0 


626 


Figure  742.     General  Arrangement — Elevation  1,938.0 
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Figure  743.     Generol  Arrangement— Longitudinal  Section 
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Figure  744.     General  Arrangement — Transverse  Section  Through  Centerline  of  Unit 
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Figure   745.      General  Arrangement — Transverse  Section  Between  Units 
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Figure  746.     Design  Data 
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Figure  747.     Penstock — Plan  and  Profile 
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Figure  749.     Devil  Canyon  Creek  Crossing 


634 


Figure  750.     Crane  Clearance  Diagram 
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Figure   751.      Spherical  Valve  Hydraulic  Schemata 
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Figure  752.      Penstock  Valve  Hydraulic  Schematic 
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Figure   753.     Single-Line  Diagra 
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Figure  754.      1 15-kV  Switchyard  Equipment — Plan 
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Figure  755.      115-kV  Switchyard  Equipment — Sections 
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CHAPTER  XVI.     OSO  PUMPING  PLANT 


General 

Location 

Oso  Pumping  Plant  is  located  on  the  Los  Angeles- 
Kern  County  line  approximately  7  miles  east  of  Gor- 
man and  40  miles  west-northwest  of  Lancaster.  The 
nearest  major  roads  are  State  Highway  138  and  Inter- 
state Highway  5  (Figures  757  and  758). 

Purpose 

This  plant,  the  first  major  structure  on  the  West 
Branch  of  the  California  Aqueduct,  lifts  water  2  3 1  feet 
from  Oso  Canal  to  Quail  Canal.  Quail  Canal  extends 
from  Oso  Pumping  Plant  into  Quail  Lake. 

Description 

The  Oso  Pumping  Plant  facilities  consist  of  a  canal 
intake  transition,  indoor-type  plant  with  eight  pump- 
ing units,  switchyard,  five  discharge  pipelines,  and 
siphon  outlet. 

The  eight  pumping  units  provide  the  plant  with  a 
total  capacity  of  3,128  cubic  feet  per  second   (cfs). 


Each  pumping  unit  consists  of  a  vertical-shaft,  single- 
stage,  centrifugal  pump  and  a  vertical-shaft,  synchro- 
nous, electric  motor.  There  are  four  large  pumping 
units  and  four  small  pumping  units. 

Each  large  unit  has  a  capacity  of  625  cfs  and  dis- 
charges through  a  78-inch  butterfly  valve  into  a  108- 
inch  pipeline.  Each  small  unit  has  a  capacity  of  157  cfs 
and  discharges  through  a  36-inch  spherical  valve.  The 
discharges  of  the  small  units  are  combined  by  a  wye 
manifold  into  a  single  108-inch  pipeline. 

The  discharge  pipelines  are  each  approximately 
2,020  feet  long  and  extend  through  a  siphon  to  the 
outlet  at  the  head  of  Quail  Canal. 

Representative  drawings  are  included  at  the  end  of 
this  chapter. 

Geology 

Areal  Geology 

Oso  Pumping  Plant  is  in  a  wide,  flat,  alluvial  plain 
at  the  western  end  of  Antelope  Valley  in  the  triangu- 
lar wedge  formed  by  the  Garlock  and  San  Andreas 


Figure  758.     Aerial  View — Oso  Pumping  Plant 
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faults.  The  site  is  bordered  on  each  side  by  low  flat- 
lying  hills  composed  of  terrace  deposits.  The  Tehach- 
api  Mountains  are  to  the  north;  Bald  and  Liebre 
Mountains,  along  the  San  Andreas  rift  zone,  are  to  the 
south.  Terrace  deposits  extend  beneath  the  alluvium, 
and  both  are  underlain  by  Pliocene  lake  deposits. 

Site  Geology 

Alluvium  is  the  foundation  material  for  the  ap- 
proach channel  and  the  greater  portion  of  the  Pump- 
ing Plant.  These  deposits  consist  of  a  30-foot  zone  of 
loose,  nearly  horizontal,  gray  to  tan  sediments  of  silt, 
sand,  and  gravel  and  a  lower  zone  of  denser,  brown  to 
orange,  sand  and  gravel. 

Terrace  deposits  were  exposed  throughout  the 
length  of  discharge  line  excavation  and  are  exposed  in 
the  southeast  and  southwest  corners  of  the  pumping 
plant  bowl.  Terrace  deposits  consist  of  red  to  reddish- 
brown  silty  sand  and  poorly  graded  sand  with  numer- 
ous lenses  of  poorly  graded  gravel,  fine  sand,  and  silt. 
The  general  dip  is  northerly  at  1  to  3  degrees,  except 
along  the  south  side  of  the  bowl  where  folding  along 
an  east-west  axis  has  reversed  the  dip.  Cross-bedding 
is  common  within  individual  lenses. 

Pliocene  lake  deposits  were  exposed  in  the  drainage 
dewatering  sump  area,  the  deepest  part  of  the  founda- 
tion. These  deposits  are  nearly  horizontal,  thinly  bed- 
ded, green,  red,  and  brown  claystones.  The  claystones 
are  soft,  weak,  plastic  rocks  with  numerous  internal 
slickensides  and  shears. 

With  the  exception  of  a  small  area  of  lakebed  depos- 
its under  the  drainage  dewatering  sump,  all  material 
encountered  in  the  excavation  was  suitable  for  foun- 
dations. The  lakebed  area  was  overexcavated  and 
backfilled  with  gravel  to  sustain  the  moderate  load  in 
this  section  of  the  plant. 

A  dewatering  system  was  required  in  the  pumping 
plant  area,  and  wells  with  submersible  pumps  were 
installed.  The  maximum  quantity  of  water  pumped 
from  the  plant  foundation  was  about  500  gallons  per 
minute  (gpm). 

Geologic  Exploration 

Exploration  consisted  of  13  diamond  drill  holes,  17 
bucket  auger  holes,  a  seismic  survey,  and  a  pump  test. 
Penetrometer  readings  were  taken  during  drilling. 
Shelby  tube  and  bag  samples  were  taken  for  testing. 
Pump  tests  were  conducted  to  obtain  permeability 
data  for  dewatering  requirements. 

Instrumentation 

Instrumentation  at  the  Oso  Pumping  Plant  site  dur- 
ing construction  included  four  buried-type  and  three 
cased-type  rebound  gauges,  and  two  slope-indicator 
casings. 

A  strong-motion  seismograph  and  a  tiltmeter  are 
located  on  the  west  rim  of  the  bowl  excavation.  Dur- 
ing site  excavation,  rebound  was  recorded  on  all  three 
cased  gauges.  A  maximum  upward  movement  of  0.69 


of  a  foot  was  recorded.  No  movement  was  detected  in 
the  slope-indicator  holes. 

The  tiltmeter  recorded  almost  no  tilting  before  ex- 
cavation. During  excavation,  the  tiltmeter  responded 
to  rebound  of  the  alluvium. 

Seismicity 

The  Garlock  fault  is  6  miles  to  the  northwest,  and 
the  San  Andreas  rift  is  3  miles  to  the  southwest.  The 
area  is  seismically  active,  and  it  is  possible  that  a  major 
earthquake  will  occur  within  the  life  of  the  plant.  The 
San  Fernando  earthquake  of  February  9,  1971  was 
recorded  on  the  strong-motion  seismograph  at  the 
Pumping  Plant. 

Civil  Features 

Preliminary  Studies 

Design  of  Oso  Pumping  Plant  was  prepared  under 
contract  by  Bechtel  Corporation  of  San  Francisco. 
This  contract  included  design  of  the  intake  transition, 
plant  structure  and  equipment,  discharge  conduits, 
and  outlet  structure  at  the  beginning  of  Quail  Canal. 
Most  of  the  preliminary  studies  and  design  criteria 
were  furnished  by  the  Department  of  Water  Re- 
sources. Any  departure  from  the  original  criteria  had 
the  approval  of  the  Department. 

Site  Development 

The  major  site  development  work  was  bowl  excava- 
tion for  the  plant  and  intake  canal  and  open-cut  exca- 
vation for  the  discharge  pipelines  system. 

Average  depth  of  bowl  excavation  was  about  75  feet 
from  original  ground  surface.  Bowl  dimensions  in  the 
east-west  directions  are  570  feet  at  the  bottom  and  730 
feet  at  the  top.  They  are  450  feet  at  the  bottom  and  550 
at  the  top  in  the  north-south  direction.  Cut  slopes  in 
the  main  bowl  are  2'/2:l  with  20-foot-wide  benches  at 
32-  and  40-foot  intervals  vertically. 

Surface  runoff  is  collected  on  the  berms  in  ditches 
and  drained  into  the  intake  transition  by  means  of 
corrugated-metal  pipes.  In  the  area  of  the  siphon  out- 
let, the  surface  runoff  is  collected  by  Y-shaped  dikes 
into  catch  basins  and  drained  by  corrugated-metal 
pipe  and  lined  ditches.  The  north  slope  of  the  siphon 
embankment  and  adjacent  areas  are  drained  by  a  shot- 
crete-lined  interception  ditch  which  crosses  over  the 
discharge  lines. 

Plant  Structure 

General.  The  plant  is  an  indoor  type  with  three 
unit  bays:  two  bays  house  two  large  pumps  each,  and 
one  bay  houses  four  small  pumps.  The  service  bay  and 
control  room  are  located  at  the  east  end  of  the  plant. 
The  structure  is  341  feet  long,  substructure  85  feet 
wide,  superstructure  63  feet  wide,  and  overall  height 
104  feet.  The  height  from  the  centerline  of  the  dis- 
tributor to  the  motor  floor  is  33  feet  and  from  the 
motor  floor  to  the  top  of  crane  rail  is  25  feet  (Figures 
759  and  760). 
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Figure  759.     Exterior  View 


Figure  760.      Interior  View 


Design  Criteria.  Basic  design  criteria  are  dis- 
cussed in  Chapter  I  of  this  volume.  They  include  the 
various  codes,  design  loads,  loading  combinations,  and 
other  important  structural  data. 

Seismic  design  of  the  plant  structure  was  in  accord- 
ance with  the  criteria  contained  in  Chapter  I  of  this 
volume  except  for  stability  of  the  plant  foundation. 
The  foundation  could  be  subjected  to  small  displace- 
ment resulting  from  excessive  strains  in  the  soil  struc- 
ture during  several  stress  cycles  when  ground  motion 
approaches  peak  acceleration  of  0.5g. 

Recognizing  the  fact  that  the  duration  of  strong 
shaking  involves  a  limited  number  of  pulses  approach- 
ing peak  acceleration,  it  was  decided  that: 

1.  Foundation  would  be  designed  for  an  equiva- 
lent horizontal  static  force  of  0.2g  and,  under  this 
loading,  the  structure  would  not  experience  any  dis- 
placement. 

2.  Lateral  loads  resulting  from  pulses  exceeding 
0.2g,  and  particularly  those  approaching  0.5g,  could 
cause  excessive  soil  stresses  with  the  consequent 
possibility  of  displacement  of  the  plant  structure. 

Special  articulation  between  the  plant  structure  and 
discharge  conduits  was  designed  to  accommodate  such 
a  displacement,  and  no  damage  should  occur  to  either 
structure. 

If  significant  displacement  occurs  during  a  major 
earthquake,  the  articulation  assembly  will  be  readjust- 
ed to  maintain  the  original  degree  of  flexibility. 

Foundation  Stability.  This  plant  was  designed 
with  a  minimum  factor  of  safety  of  3  for  all  normal 
foundation  loading  conditions.  A  factor  of  safety  of  1.1 


against  sliding  was  used  for  the  unusual  conditions  of 
seismic  loading. 

Substructure.  The  substructure  configuration 
was  defined  by  the  pump  submergence  and  the  135- 
degree,  suction-tube,  elbow  requirements.  The  result- 
ing V-shaped  structure  provides  an  effective  key  into 
the  foundation  soil.  Each  pump  bay  is  separated  from 
adjacent  bays  by  means  of  expansion-contraction 
joints. 

Superstructure.  The  entire  length  of  the  super- 
structure is  built  of  rigid  steel  frames  and  metal  siding. 
It  is  divided  into  four  separate  bays  by  expansion 
joints  located  directly  over  the  substructure  expan- 
sion-contraction joints. 

Waterways 

The  waterway  through  Oso  Pumping  Plant  consists 
of  intake  transition,  suction  tubes,  pumps,  and  pump 
discharge  lines.  Installed  equipment  consists  of  trash- 
racks  and  steel  bulkhead  gates  on  the  intake  side  of  the 
plant,  pumps  and  discharge  valves  inside  the  plant, 
and  siphons  at  the  outlet  structure. 

Intake  Transition.  The  intake  transition  is  over 
200  feet  long  and  is  located  on  the  north  side  of  the 
plant  at  the  end  of  a  horizontal  bend  in  Oso  Canal. 
The  bottom  width  of  the  transition  varies  from  24  feet 
at  the  Canal  to  202  feet  at  the  plant.  Vertical  retaining 
walls  were  constructed  in  the  immediate  vicinity  of 
the  plant.  The  entire  transition  is  concrete-lined. 

An  extensive  pump-drainage  system  protects  the 
intake  from  the  high  ground  water  table.  This  system 
must  be  activated  before  any  dewatering  can  take 
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place.  It  reduces  excessive  hydrostatic  and  uplift  pres- 
sures on  the  walls  and  slab. 

The  intakes  of  the  pump  suction  tubes  have  trash- 
racks  to  prevent  debris  from  entering  the  pumps.  The 
intake  trashracks  were  designed  for  a  velocity  of  2  feet 
per  second  through  the  bars  and  a  differential  head  of 
4  feet  across  the  racks.  The  trashracks  are  stacked  two 
high  and  extend  from  the  bottom  of  the  suction  tube 
opening  to  above  the  maximum  water  surface.  No 
storage  space  was  provided,  and  they  are  removed 
only  for  maintenance. 

Six  structural-steel  bulkhead  gates  are  provided  for 
dewatering  of  the  suction  tubes.  The  gates  slide  verti- 
cally into  slots  formed  in  the  plant  intake  piers  and  are 
placed  in  and  removed  from  the  suction  tube  openings 
with  a  10-ton  gantry  crane.  When  not  in  use,  they  are 
stored  in  vertical  slots  at  the  east  end  of  the  plant  at 
the  service  bay. 

Suction  Tubes.  The  suction  tubes  bend  up  at  an 
angle  of  135  degrees  to  meet  the  forebay  invert  at  the 
required  elevation.  This  configuration  dictated  the 
shape  of  the  substructure  forming  an  effective  key 
into  the  foundation  soil. 

The  suction  tubes  are  partly  steel-  and  concrete- 
lined.  The  steel  liners  were  fabricated  from  welded 
steel  plates  and  embedded  in  the  concrete.  A  dewater- 
ing outlet,  which  discharges  into  the  plant  drainage 
system,  is  provided  at  the  low  point  of  each  tube. 

Pump  Discharge  Lines.  Water  is  lifted  231  feet 
from  the  Oso  approach  canal  into  Quail  Canal 
through  five  main  discharge  lines.  Each  line  is  a  9-foot- 
inside-diameter,  buried,  prestressed-concrete,  cylin- 
der pipe.  Total  length  of  the  discharge  system,  from 
valve  tapers  to  siphon  outlet,  is  2,020  feet.  The  max- 
imum design  head,  including  allowance  for  hydraulic 
transients,  is  285  feet. 

The  discharge  line  system  is  symmetrical.  Four  625- 
cfs  pumping  units,  Units  Nos.  1,  2,  7,  and  8,  connect 
directly  into  discharge  pipelines  Nos.  1,  2,  4,  and  5; 
and  four  157-cfs  pumping  units,  Units  Nos.  3  through 
6,  are  joined  by  a  manifold  into  discharge  pipe  No.  3. 

Main  features  of  the  design  are  the  manifolds  and 
encased  pipes,  main  discharge  lines,  and  siphon  outlet. 

Manifolds  and  Encased  Pipes.  Manifolds  and  en- 
cased pipes  include  all  steel  pipe  between  the  pump 
discharge  valves  and  the  end  of  the  concrete  encase- 
ment, together  with  valve  tapers,  articulation  sections, 
wye  branches,  bends,  and  concrete-encased  pipes. 
Steel  used  in  the  pipe  shells  and  reinforcing  rings  is 
ASTM  A285-C  firebox  quality.  Shell  varies  in  thick- 
ness from  yg  to  l/2  inch;  the  reinforcing  plates  are  l'/2 
inches  thick  on  the  small  wye  branches  and  2  inches 
thick  on  the  large  one. 

The  articulation  system,  described  in  Chapter  I  of 
this  volume,  allows  movement  between  the  valve  tap- 
ers and  manifolds  by  use  of  short  sections  of  pipe 
supported  between  pairs  of  sleeve-type  couplings. 


Steel  pipe  between  the  articulation  sections  and  the 
main  discharge  lines  is  encased  in  reinforced  concrete, 
which  supports  earth  loads  and  also  acts  as  anchorage 
for  bends  and  expansions.  The  pipes  from  the  four 
large  pumping  units  enlarge  at  bends  and  converge  to 
meet  the  four  outside  main  lines.  Pipes  from  the  four 
small  pumping  units  merge  beyond  the  bends  into  the 
center  main  line  through  a  manifold  consisting  of 
three  symmetrical,  45-degree,  wye  branches. 

Main  Discharge  Lines.  The  main  lines  begin 
downstream  of  the  manifolds  and  encased  steel  pipes 
and  are  constructed  of  9-foot-diameter,  buried,  pre- 
stressed-concrete, cylinder  pipes.  The  laying  length  of 
each  pipe  section  is  governed  by  its  weight.  Sections 
with  a  concrete  core  thickness  of  6'/4  inches  prior  to 
wrapping  are  24  feet  long,  and  those  with  a  core  of 
8'X-inch  thickness  are  16  feet  long.  Pressure-head  rat- 
ings for  the  pipe  sections  vary  from  100  feet  to  275  feet, 
in  25-foot  increments.  The  pipe  also  is  rated  for  exter- 
nal loading  depending  upon  the  loads  expected.  Pipe 
sections  under  the  pumping  plant  backfill  have  a  max- 
imum of  27  feet  of  earth  cover,  but  most  sections  are 
rated  for  only  3  feet  of  earth  cover.  Articulation  be- 
tween prestressed-concrete,  cylinder,  pipe  sections  is 
provided  by  %-inch  to  1-inch  joints  filled  with  elastic 
joint  material  instead  of  cement  mortar. 

Siphon  Outlet.  Since  the  water-level  fluctuation 
in  Quail  Canal  is  small,  a  typical  siphon  outlet  struc- 
ture with  a  siphon  breaker  is  provided  instead  of  a 
gated  structure.  The  siphon  outlet  consists  of  a  con- 
crete-encased siphon  liner,  a  concrete  round-to-square 
transition,  an  expanding  transition,  and  an  open  tran- 
sition. The  upstream  end  of  each  siphon  liner  is  con- 


Figure  761.     Preparing  Pump  Case  for  Shop  Hydrostatic  Test 
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nected  to  a  prestressed-concrete  cylinder  pipe.  There 
are  stoplog  slots  at  the  downstream  end  of  the  expand- 
ing transition.  Counterforted  retaining  walls  are  pro- 
vided on  each  side  of  the  open  transition,  with  the 
warped  surfaces  starting  as  vertical  walls  at  the  begin- 
ning of  the  expanding  transition  and  changing  to  a  2: 1 
slope  at  the  first  canal  section. 


Mechanical  Features 


General 


The  mechanical  installation  includes  eight  pumps, 
eight  pump  discharge  valves,  two  equipment-han- 
dling cranes,  and  auxiliary  equipment. 

Chapter  I  of  this  volume  contains  information  on 
mechanical  equipment  which  is  common  to  other 
plants  in  the  State  Water  Project.  Information  and 
descriptions  which  are  unique  to  this  plant  are  includ- 
ed in  the  following: 

Equipment  Ratings 
Main  Pumps 

Manufacturer:     Newport    News    Shipbuilding 

and  Dry  Dock  Co. 
Type:     Vertical-shaft,  single-stage,  centrifugal 
Pumps  Nos.  1,  2,  7,  and  8 

Discharge,  each:  625  cfs 

Total  Head:  238  feet 

Speed:  300  rpm 

Guaranteed  Efficiency:      91.5% 
Minimum  Submergence 
at  Pump  Centerline:        17  feet 
Pumps  Nos.  3,  4,  5,  and  6 

Discharge,  each:  157  cfs 

Total  Head:  236  feet 

Speed:  600  rpm 

Guaranteed  Efficiency:      92.5% 
Minimum  Submergence 
at  Pump  Centerline:        17  feet 

Pump  Discharge  \  alves 

Manufacturer:     Yuba    Manufacturing    Division 

of  Yuba  Industries,  Inc. 
Type  and  Size:     Units  Nos.  1,  2,  7,  and  8 — 78- 
inch,  metal-seated,  butterfly 
Units  Nos.  3,  4,  5,  and  6 — 36- 
inch,  double-seated,  spherical 

Cranes 
60-Ton  Bridge  Crane 

Manufacturer:     Crane  Hoist  Engineering  and 

Manufacturing  Co. 
Type:     Overhead,  traveling,  bridge 
10-Ton  Gantry  Crane 
Manufacturer:     Broadline  Corp. 
Type:     Outdoor,  traveling,  gantry 


Pumps 

Pumps  are  vertical-shaft,  single-stage,  double-vo- 
lute, centrifugal  type,  directly  connected  to  synchro- 
nous motors.  All  pumps  rotate  counterclockwise  as 
viewed  from  the  motor  end. 

Pump  casings  are  embedded  in  the  plant  concrete 
substructure  of  the  plant  (Figure  761).  The  pump 
impeller,  shaft,  guide  bearing  and  housing,  and  top 
casing  cover  are  all  removable  from  above  when  the 
motor  rotor  is  removed  (Figure  762).  The  hydraulic 
thrust  and  the  weight  of  the  rotating  parts  are  carried 
by  a  motor  thrust  bearing. 

Impellers  are  one-piece,  enclosed,  centrifugal,  sin- 
gle-suction type,  fabricated  from  cast  steel  and  are 
provided  with  corrosion-resistant  steel  wearing  rings. 

Removable  and  renewable  wearing  rings  are  located 
in  the  suction  and  casing  covers  opposite  the  wearing 
rings  on  the  impeller  crown  and  band  and  are  made 
of  ASTM  A276,  Type  410,  heat-treated  stainless  steel. 
The  pump  guide  bearing  is  the  self-lubricating  skirt 
type. 

Units  Nos.  1,  2,  7,  and  8  were  designed  to  be  started 
with  the  water  depressed,  while  Units  Nos.  3, 4,  5,  and 
6  were  designed  to  be  started  in  the  completely  wa- 
tered condition.  All  embedded  piping  necessary  for 
depressed  starting  of  Units  Nos.  3,  4,  5,  and  6  was 
installed  and  stubbed  out  of  the  concrete  for  future 
use,  if  required. 


Figure  762.      Pump  Shaft-Impeller  Assembly 
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Figure  764.     Discharge  Valve  Control  Equipment 

Neither  lifting  of  the  rotating  parts  when  the  water 
in  the  pump  case  reached  the  impeller  nor  floating  of 
the  rotating  parts  at  shutoff  head  was  experienced  on 
these  pumps  during  start-up. 

Pump  Discharge  Valves 

A  pump  discharge  valve  was  installed  on  the  dis- 
charge side  of  each  centrifugal  pump.  These  valves  are 
used  as  a  shutoff  to  prevent  backflow  through  the 
units  when  they  are  stopped  and  to  isolate  each  pump 
from  its  discharge  line  for  inspection  and  mainte- 
nance. 

Valves  and  appurtenances  are  located  in  valve 
vaults  at  the  end  of  the  discharge  extension  of  each 
pump  casing.  Units  Nos.  1,  2,  7,  and  8  have  78-inch- 
diameter  butterfly  valves  (Figure  763),  each  weighing 
approxiately  27,000  pounds;  Units  Nos.  3  through  6 
have  36-inch-diameter  spherical  valves,  each  weighing 
approximately  14,000  pounds. 


The  operating  mechanism  for  each  valve  is  basically 
composed  of  an  operating  cylinder,  piston,  piston  rod, 
cross-head,  connecting  linkage,  locking  device,  and 
operating  lever.  The  cylinder  is  double-acting,  with 
the  control  system  designed  to  simultaneously  vent 
one  side  of  the  cylinder  to  the  oil  sump  tank  and  allow 
oil  to  enter  the  other  side  under  high  pressure  from 
the  accumulator  tank.  The  rate  of  valve  movement  is 
controlled  by  a  metering  valve  on  the  discharge  side 
of  the  cylinder. 

Each  valve  plug  or  disc  is  rotated  by  its  individual 
hydraulic  system,  pressurized  by  an  air-over-oil  ac- 
cumulator. Each  system,  operating  at  a  pressure  of  500 
pounds  per  square  inch  (psi),  is  capable  of  one  open- 
ing cycle  and  two  closing  cycles,  after  which  system 
pressure  is  reduced  to  375  psi.  Equipment  in  each 
system  includes  an  oil  accumulator,  oil  sump  tank  and 
pumps,  and  air  compressor.  Also  included  are  direc- 
tional and  flow  control  valves;  hydraulic  control 
panel;  valve  control  center;  and  necessary  piping,  wir- 
ing, and  instruments.  The  air  compressor  and  two 
hydraulic  oil  pumps  supply  air  and  hydraulic  fluid, 
respectively,  to  the  accumulator.  The  compressor  and 
pumps  normally  are  operated  automatically  but  can 
be  operated  manually  from  the  valve  control  center 
(Figure  764). 

Seats  on  the  36-inch  spherical  valves  (Units  Nos.  3, 
4,  5,  and  6)  are  oil-operated  and  are  located  upstream 
and  downstream  of  the  transverse  centerline  of  the 
valve.  Seals  are  so  arranged  that  either  the  upstream 
or  downstream  ring  can  be  moved  independently. 
The  upstream  seat  is  used  as  an  operating  seat,  and  the 
downstream  seat  is  maintained  in  the  open  position 
and  used  as  a  shutoff  valve  when  maintenance  is  re- 
quired on  the  operating  seat  or  on  the  main  pumps. 
Opening  and  closing  of  the  valve  are  controlled  by  a 
mechanical-electrical  sequencer  using  cam-operated 
switches  and  hydraulic  valves.  The  cams  are  mounted 
on  a  shaft  which  is  driven  by  a  125-volt  direct-current 
motor.  The  motor  is  controlled  by  a  reversing  starter 
whose  forward  and  reverse  contactors  are  energized 
and  deenergized  by  plug  and  seat-limit  switches  and 
the  cam-actuated  switches  previously  mentioned. 

The  butterfly  valves,  Units  Nos.  1,  2,  7,  and  8,  have 
bodies  fabricated  from  forged  steel  flanges  and  steel 
plate,  with  the  inner  surface  machined  through.  The 
discs  are  streamlined  with  smooth  exterior  surfaces 
and  are  secured  to  the  one-piece  shaft  by  four  tapered 
pins.  The  minimum  flow  area  is  approximately  65% 
of  the  flow  area  based  on  the  nominal  size  of  the  valve. 

Valve  bodies  have  monel  seats  that  are  adjustable 
from  the  outside  of  the  valve  body,  and  the  discs  have 
silicon  bronze  seats  that  are  bolted  to  their  edge. 

Each  pump  discharge  valve  is  operated  only  in  the 
fully  open  position  during  normal  pumping  and  will 
open  or  close  at  near  uniform  rate  with  the  closing 
times  being  equal  for  normal  or  emergency  condi- 
tions. All  valves  are  set  to  close  in  approximately  28 
seconds. 


648 


Equipment  Handling — Cranes 

Assembly  and  maintenance  of  major  pumping  plant 
equipment,  including  pumps,  motors,  and  discharge 
valves,  are  serviced  by  means  of  a  60-ton,  indoor, 
bridge  crane.  The  plant  also  has  a  10-ton,  outdoor, 
gantry  crane  used  to  raise,  lower,  and  transport  the 
intake  bulkhead  gates.  This  crane  was  designed  so  that 
trashrack  raking  equipment  could  be  added  in  the  fu- 
ture. 

The  bridge  crane  is  an  electric,  cab-operated,  over- 
head, traveling  type  with  a  main  60-ton-capacity  hook 
and  an  auxiliary  10-ton-capacity  hook.  A  sister-type 
hook,  bored  for  a  lifting  pin,  is  provided  on  the  main 
hoist.  The  rated  capacities  and  speeds  of  the  bridge 
crane  are: 


Rated  capacity,  tons... 

Number  of  trolleys 

Rated  capacity  of  main  hoist,  tons 

Rated  capacity  of  auxiliary  hoist,  tons 

Maximum  lift,  main  hoist,  feet — inches 

Maximum  lift,  auxiliary  hoist,  feet — inches 
Hook,  Speeds — feet  per  minute  (fpm) 

Main  (5  step) 

Aux.  (5  step).. _. 

Bridge  speed — fpm 

Trolley  speed — fpm 


60 
1 

60 

10 
69'— 6" 
69'— 6" 

0-3 
0-17 
95-100 
40-50 


surge,  downsurge,  and  reverse-speed  conditions  with 
the  single-speed  closure  of  28  seconds  were  well  with- 
in the  design  limits  of  the  equipment.  Field  tests  of 
simulated  power  failures  have  verified  the  calculated 
results. 

Auxiliary  Service  Systems 

The  auxiliary  service  systems  at  the  plant  are  de- 
scribed in  Chapter  I  of  this  volume.  Items  unique  to 
this  plant  are  discussed  in  the  following  sections. 

Raw  Water  System.  Raw  water  is  drawn  from  the 
main  discharge  lines  just  downstream  of  the  pump 
discharge  valves  at  Units  Nos.  1,  2,  3,  7,  and  8. 

Water  Fire-Extinguishing  System.  A  fire  pump  is 
located  in  the  service  bay  and  is  started  manually.  It 
is  used  primarily  to  provide  additional  pressure  when 
hoses  are  connected  to  hydrants  to  control  grass  fires 
around  the  edge  of  the  plant  bowl. 

Coupling  Gallery  Hoist.  A  3-ton  monorail  hoist  is 
provided  in  the  discharge  pipe  coupling  gallery  to 
handle  the  suspended  pipe  section  of  the  discharge 
line.  The  trolley  is  operated  from  the  walkway  located 
above  the  discharge  lines  on  the  north  side  of  the 
gallery.  The  hoist  is  operated  from  the  floor  of  the 
coupling  gallery. 


Brakes  are  provided  for  hook,  trolley,  and  crane 
travel.  They  include  both  the  electric  and  hydraulic 
shoe  type,  with  shunt  coil  and  manual  release  lever. 
The  bridge  crane  is  controlled  from  the  operator's  cab 
mounted  below  one  corner  of  the  crane. 

Access  to  the  cab  is  provided  at  two  locations  from 
platforms  located  at  either  end  of  the  building  on  the 
discharge  side  of  the  plant.  The  operator's  cab  is  pro- 
vided with  an  extension-type  access  ladder  with  a 
counterbalance  mechanism  for  emergency  conditions. 

The  10-ton  gantry  crane  is  an  outdoor  traveling 
type  with  provision  for  a  trashrack  rake.  It  operates  on 
steel  rails  in  the  plant  gate  deck  (Figure  765).  The 
lifting  mechanism  consists  of  a  lifting  beam  suspended 
from  twin  snatch  blocks.  Rated  capacities  and  speeds 
of  the  gantry  crane  are: 


Rated  capacity,  tons 

Number  of  trolleys 

Rated  capacity  of  hoist,  tons 

Span,  feet — inches _. 

Hoist  speed  with  maximum  working  load, 

fpm  (two  speeds) 

Gantry  travel  speed  with  maximum  working 

load,  fpm 

Trolley  travel  speed  with  maximum  working 

load,  fpm 

Maximum  lift,  feet 


10 

1 

10 

11'— 5" 

12  and  3 

35 

4 
40 


Hydraulic  Transients 

Surge  and  reverse  speed  control  is  provided  by  sin- 
gle-speed discharge  valve  closure.  The  calculated  up- 


Figure  765.      10-Ton  Gantry  Crane 
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Figure  768.      480-Volt  Stotion  Service  Substatio 


Electrical  Features 

General 

The  electrical  installation  includes  a  66-kY  switch- 
yard; power  transformers;  motors;  switchgear;  and 
auxiliary  systems  for  station  service,  communication, 
and  protection  of  equipment  and  personnel. 

Chapter  I  of  this  volume  contains  information  on 
electrical  equipment  and  systems  for  Oso  Pumping 
Plant  which  also  are  common  to  other  plants  in  the 
Project. 

Description  of  Equipment  and  Systems 

The  motors  are  operated  from  the  13.6-kY  system. 
The  smaller  motors  are  started  full-voltage,  across-the- 
line,  with  water  in  the  pump  case  (Figure  766).  The 
larger  units  are  started  from  the  reduced-voltage  con- 
nection of  the  power  transformers  and  with  water 
depressed  below  the  pump  impeller.  The  motors  are 
wye-connected  with  the  neutral  grounded  in  series 
with  the  high-voltage  winding  of  a  distribution  trans- 
former. A  resistor  is  connected  across  the  transformer 
low-voltage  winding.  The  transformer-resistor  combi- 
nation limits  phase-to-ground  fault  current  and  also  is 
utilized  to  detect  abnormal  ground  currents  for  trip- 
ping the  motor  circuit  breaker.  Surge  equipment,  con- 
sisting of  lightning  arresters  and  capacitors,  is 
provided  in  the  line  side  of  the  motor  to  protect  it 
from  transient  overvoltages  caused  by  lightning  or 
switching  surges. 

Two  power  transformers  are  provided  to  reduce 
voltage  from  67.5  kV  to  13.6  kV  to  operate  the  motors 
and  provide  power  to  the  station  service  system  (Fig- 
ure 767).  Transformers  also  have  a  6.8-kV  tap  to  pro- 
vide voltage  for  starting  the  four  large  motors. 

The  66-kV  switchyard  was  designed  to  utilize  a 
main-and-transfer  bus  arrangement.  Four  bays  pro- 
vide switching  and  protection  for  the  transmission 
line,  two  load  lines  to  the  Pumping  Plant,  and  one 
transfer  bay  for  connecting  the  two  buses. 

Lightning  arresters  were  installed  at  the  transmis- 
sion line  connection  to  the  switchyard  and  at  each 
transformer.  Revenue  metering  is  located  in  the  trans- 
mission line  bay  and  measures  power  supplied  at  66 
kV. 

A  13.6-kV  system  supplies  power  to  the  motors  and 
to  the  station  service  system.  Nonsegregated-phase 
bus  is  used  to  connect  the  transformers  to  circuit 
breakers  in  each  load  feeder.  Breakers  interrupt  the 
circuit  to  a  motor  or  station  service  transformer  in  the 
event  of  abnormal  conditions  and  also  are  used  for 
normal  switching  of  circuits  to  start  or  stop  motors  or 
control  power  to  the  station  service  transformer. 

The  double-ended  station  service  substation  con- 
tains two  transformers  to  reduce  voltage  from  1 3.2  kV 
to  480  volts  (Figure  768).  Connected  to  the  secondary 
bus  are  480-volt  feeder  breakers  for  distribution  of 
power  to  various  motor  control  centers,  power  distri- 
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bution  centers,  and  lighting  distribution  centers  locat- 
ed throughout  the  plant  (Figure  769). 

Switchboards  were  installed  to  house  protective 
relaying,  instruments,  meters,  annunciators,  and  the 
local  control  panel.  These  switchboards  are  provided 
for  each  pumping  unit. 

Pumping  units  and  auxiliaries  may  be  controlled 
from  the  control  room.  A  computer  control  system 
was  installed  with  complete  facilities  to  control,  moni- 
tor, log  data,  annunciate,  and  display  all  plant  and 
switchyard  requirements  (Figures  770  and  771).  In 
addition  to  operating  the  plant  from  the  control  room, 
equipment  was  installed  to  operate  each  unit  in  a  local 
mode  at  its  switchboard  (Figure  772).  A  panel  is  pro- 
vided on  each  switchboard  to  selectively  start  certain 
equipment  until  the  full  starting  cycle  is  complete. 
Each  auxiliary  piece  of  equipment  also  may  be  started 
from  motor  control  centers  and  distribution  centers. 
Volume  V  of  this  bulletin  describes  the  control  system 
within  the  plant  and  the  system  which  is  remote. 


Equipment  Ratings 
Motors 

Manufacturer:     General  Electric  Company 
Type:     Vertical-shaft,  synchronous 
Power  factor:     95% 
Frequency:     60  Hz 
Phase:     3 
Volts:     13,200 

Motors  Nos.  1,  2,  7,  and  8 
Horsepower:     18,750 
Speed:     300  rpm 

Motors  Nos.  J,  4,  5,  and  6 
Horsepower:     4,700 
Speed:     600  rpm 

Power  Transformers 

Manufacturer:     Federal  Pacific  Electric  Com- 
pany 
Volts:     67,500/38,972-13,600/6,800 
Taps:     In  the  high-voltage  winding,  2%  and 

5%  above  and  below  rated  voltage 
Phase:     3 

Frequency:     60  Hz 
kVA:     28,500/38,000 
Type:     OA/FA 
Connection:     Wye-Delta 

Station  Service 

Number  of  transformers:     2 
Volts:     13,200-^80Y/277 
Phase:     3 

Frequency:     60  Hz 
kVA:     500 
Type:     AA 

Emergency  engine-generator:     100  kW, 
480Y/277  volts,  3  phase,  60  Hz 
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Figure  771.     Control  Room  Relay  and  Control  Panel 
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Figure   774.      66-kV  Oil  Circuit  Break 


High- Voltage  Service 

Oso  Pumping  Plant  is  connected  to  a  single  66-kY 
transmission  line.  Although  all  other  major  pumping 
plants  in  the  Project  are  supplied  by  one  or  more 
220-kY  lines,  66  kY  was  acceptable  at  this  plant  since 
it  was  adequate  for  the  load  and  the  line  is  only  5  miles 
long.  The  relatively  short  distance  from  the  substation 
and  ready  accessibility  for  maintenance  bv  the  utilitv 
company  made  the  single  line  acceptable  from  the 
standpoint  of  reliability. 

66-kV  Switchyard 

The  switchyard  was  designed  with  a  main  and 
transfer  bus  (Figure  773).  This  arrangement  required 
two  bays  for  the  lines  to  the  transformer  loads:  one 
bay  for  the  utility  transmission  line,  and  one  transfer 
bay.  One  circuit  breaker  was  installed  in  each  bay  to 
interrupt  the  transmission  line  or  load  lines  in  event 
of  faults  in  the  plant  or  on  the  line.  Breakers  also  serve 
for  use  in  maintenance  of  lines  and  equipment  and  for 
normal  switching  operations.  The  one  breaker  in  the 
transfer  bay  is  to  be  utilized  whenever  one  of  the  other 
three  breakers  is  removed  from  service  for  inspection 
or  maintenance.  The  transfer  breaker  provides  protec- 
tion to  the  transmission  or  load  lines  during  that  peri- 
od. A  disconnect  switch  is  provided  on  each  side  of  the 
circuit  breakers  to  be  opened  during  maintenance  of 
the  circuit  breaker. 

This  switchyard  arrangement  was  selected  because 
of  its  flexibility  for  future  additions.  Cottonwood 
Powerplant,  a  small  power  recovery  plant,  is  planned 
for  construction  on  the  "main  line"  California  Aque- 
duct in  the  vicinity  of  Oso  Pumping  Plant.  It  is  expect- 
ed that  the  Cottonwood  Powerplant  output  will  be 
connected  to  the  switchyard  at  Oso  Pumping  Plant. 

The  66-kY  circuit  breakers  were  specified  to  be  oil 
breakers  rather  than  air  or  gas  breakers,  which  are 
used  in  most  of  the  other  switchyards  (Figure  774). 
The  reason  for  the  selection  of  oil  was  the  lesser  cost 
of  oil  breakers  at  the  time  of  bidding.  Oil-handling 
facilities  are  not  necessary  due  to  the  relativelv  small 
amount  of  oil  in  breakers  of  this  size. 

Motor  Starting  Method 

The  4,700-horsepower  motors  are  started  with  full 
voltage  and  the  pump  case  watered,  while  18,750- 
horsepower  motors  utilize  a  reduced-voltage  start 
with  water  depressed  below  the  impeller.  Since  the 
motors  are  started  daily  for  off-peak  pumping,  consid- 
eration was  given  to  designing  a  starting  system 
which  would  not  require  extensive  maintenance  on 
the  motors. 

Four  starting  methods  were  studied  for  the  larger 
motors: 

1.  Neutral  reactor  for  each  motor. 

2.  Starting  bus  for  each  transformer  with  group 
reactor. 

3.  Starting  bus  for  each  transformer  with  trans- 
former voltage  tap. 
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4.  Full-voltage  watered  start. 
Studies  concluded  that  a  starting  bus  with  a  voltage 
tap  in  the  power  transformer  was  the  most  advanta- 
geous. Costs  and  space  requirements  were  minimal  for 
this  system.  The  ratio  of  motor  starting  torque  to  mo- 
tor starting  kVA  is  higher  than  when  a  reactor  is  used. 
Starting  kVA  was  kept  below  the  requirements  of  the 
utility  company,  with  reduced-voltage  start  on  the 
large  units  and  full-voltage  start  on  the  smaller  mo- 
tors. Full-voltage  watered  start  for  the  small  motors 
was  selected  mainly  for  economics  and  simplicity. 
Less  equipment  for  starting  motors  was  required,  and 
the  need  to  depress  water  was  eliminated.  Due  to  the 
relatively  low  horsepower,  it  was  concluded  that 
stresses  on  the  mechanical  parts  and  windings  during 
starting  would  not  be  excessive. 

Full-voltage  watered  start  for  the  larger  units  was 
most  reliable  since  it  required  a  minimum  of  auxiliary 
equipment.  Limits  set  by  the  utility  company,  howev- 
er, could  not  be  met  by  this  starting  method,  and  it 
was  abandoned. 

Construction 

Contract  Administration 

General  information  about  the  major  contracts  for 
the  construction  of  Oso  Pumping  Plant  is  shown  in 
Table  15.  The  site  development  comprising  excava- 
tion of  the  approach  canal,  pumping  plant  bowl,  and 
discharge  lines;  construction  of  compacted  embank- 
ment; construction  of  roads;  and  installation  of  a 
drainage  system  were  done  under  the  provisions  of 


Figure  775.     Site  Development 

Specification  No.  67-07.  Construction  of  the  Pumping 
Plant  and  discharge  lines  was  accomplished  under 
Specification  No.  67-60,  and  the  Pumping  Plant  was 
completed  under  Specification  No.  69-09,  which  con- 
tract included  the  installation  of  the  major  mechanical 
and  electrical  equipment. 

Excavation 

Most  of  the  excavation  for  the  Pumping  Plant  was 
accomplished  under  the  site  development  contract, 
Specification  No.  67-07  (Figure  775).  Work  on  this 
contract  began  March  10,  1967  and  was  completed 
November  15,  1967  without  encountering  any  unusu- 
al problems. 


TABLE  15.     Major  Contracts — Oso  Pumping  Plant 


Specification 


Low  bid 
amount 


Final 
contract  cost 


Total  cost — 
change  orders 


Starting 
date 


Comple- 
tion date 


Prime  contractor 


Oso  Pumping  Plant  site 
development 

Pumps 

Bridge  cranes  (including 
Buena  Vista,  Wheeler 
Ridge,  and  Wind  Gap 
Pumping  Plants) 

Oso  Pumping  Plant  and  dis- 
charge lines 

Oso  motors 

Valves 

Power  transformers 

13.8-kV  switchgear  and  sta- 
tion service 

Switchboards 

69-kV  switchyard  equipment 
Completion  of  Oso  Pump- 
ing Plant 


67-07 
67-22 


67-57 


67-60 

67-61 

68-02 
68-18 


68-26 


68-33 
68-39 


69-09 


$447,843 
2,051,170 


423,850 


7,125,169 

2,347,010 
896,956 
185,371 


361,325 

202,110 
74,737 

2,049,000 


55472,713 


2,405,000 
(Est.) 


453,676 


9,084,020 

2,869,298 
986,053 
195,307 


441,167 


234,986 
84,821 


2,170,520 


5512,419 
12,277* 


10,622 


1,242,285 

28,029 

3,502 

-50 


54,684 


22,085 
4,692 


125,966 


3/10/67 
7/  8/67 


12/13/67 


12/29/67 

1/  8/68 

3/15/68 
4/18/68 


8/13/68 


3/10/67 
10/  2/68 


7/11/69 


11/15/67 
11/20/73 


10/13/69 


1/31/72 

12/17/73 
3/15/72 
3/23/72 


6/29/73 

10/  1/70 

10/  5/71 

6/16/72 


W.    E.    McKnight    Con- 
struction Company 

Newport  News  Ship- 
building &  Dry  Dock 
Co. 


Crane  Hoist  Engineering 
&  Mfg.  Co. 

Stolte,   Inc.   &  Santa   Fe 

Engineers,  Inc. 
General  Electric  Co. 
Yuba  Industries,  Inc. 
Federal    Pacific    Electric 

Co. 

Golden  Gate  Switchboard 

Co. 
Dietz  Electrical  Mfg.  Co. 
General  Electric  Co. 

Owl  Constructors 
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Structural  Excavation 

Pumping  Plant.  Sixteen  cased  wells  were  in- 
stalled around  the  perimeter  of  the  pumping  plant 
bowl  before  commencing  structural  excavation.  The 
ground  water  removed  by  pumping  was  used  in  con- 
struction. Initial  structural  excavation  began  at  eleva- 
tion 3,108  feet  and  was  made  with  scrapers  and  dozers. 
Side  slopes  were  trimmed  with  a  grader.  When  the 
excavation  reached  elevation  3,060  feet,  excessive 
ground  water  was  encountered  and  excavation  was 
suspended  while  two  additional  wells  were  developed. 
After  these  wells  dewatered  the  site,  excavation  was 
completed. 

In  the  deepest  excavation,  which  was  for  the  plant 
sump  at  elevation  3,044  feet,  lakebed  deposits  were 
encountered.  The  overexcavation  resulting  from  re- 
moval of  the  lakebed  deposits  was  backfilled  to  final 
grade  with  filter  material. 

Discharge  Lines.  Excavation  for  discharge  lines 
below  site  development  grade  was  made  with  a 
backhoe  equipped  with  a  curved  bucket  (Figure  776). 
A  trench  was  excavated  approximately  3  feet  deep  for 
each  line.  Bell  holes  at  each  pipe  joint  location  in  the 
pipe  trench  were  excavated  with  the  same  backhoe 
equipped  with  a  smaller  bucket.  Excavated  material 
was  hauled  to  the  designated  waste  area. 

Backfill  and  cover  for  the  discharge  lines  came  from 
waste  piles,  switchyard  excavation,  and  canal  excava- 
tion south  of  the  outlet  works.  Sand  was  jetted  and 
vibrated  into  bell  holes.  Material  near  the  pipes  was 
hand-tamped  using  whackers.  A  dozer  was  used  to 
spread  material  over  the  discharge  lines.  Material  was 
compacted  with  a  compactor  and  a  vibrating  sheeps- 
foot  roller.  Moisture  for  this  operation  was  main- 
tained by  use  of  water  trucks. 


Siphon  Outlet  Works.  The  outlet  structure  and 
appurtenances  are  founded  primarily  on  embank- 
ment. Earth-moving  equipment  used  for  the  discharge 
line  also  was  used  in  the  construction  of  the  outlet 
works.  Embankment  materials  were  obtained  from 
the  Quail  Canal  channel  excavation  over  an  average 
haul  distance  of  1,200  feet. 

Pneumatically  Applied  Mortar 

Exposed  excavation  surfaces  for  the  Pumping  Plant 
were  covered  immediately  with  2  inches  of  wet  mix 
shotcrete  to  prevent  deterioration  pending  final  place- 
ment of  concrete  (Figure  777).  The  shotcrete  surface 
also  served  as  a  working  surface  for  subsequent  con- 
crete operations. 

Concrete  Placement 

Concrete  was  produced  by  a  central  batch  plant  and 
mixer  located  on  the  job  site  near  the  pumping  plant 
location.  The  concrete  was  transported  to  the  area  of 
placement  on  flatbed  trucks,  each  carrying  two  2-cu- 
bic-yard  buckets  equipped  with  pneumatic  bucket 
busters  and  vibrators  (Figure  778).  These  buckets 
were  lifted  from  the  trucks  to  the  placement  by  tower 
cranes  (Figure  779).  After  removal  of  the  tower 
cranes,  a  truck  crane  and  the  pumping  plant  bridge 
crane  were  used  for  placement  of  delayed  first-stage 
concrete. 

Concrete  was  placed  without  difficulty.  Extra  care 
was  taken  when  placing  delayed  first-stage  concrete 
around  pump  casings  and  steel  suction  tube  liners. 
Concrete  was  placed  slowly  and  in  small  lifts  which 
were  brought  up  evenly  on  all  sides  with  special  atten- 
tion given  to  good  consolidation.  Concrete  was  con- 
solidated with  air-driven   immersion-tvpe  vibrators. 


Figure  776.      Excavation  for  Concrete  Discharge  Line 


Figure   777.      Preparing  load  Bearing  Surface  With  Wet 
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Consolidation  was  good  and  rock  pockets  were  few. 
Expansive  grout  was  placed  under  base  plates  and 
injected  into  voids  under  the  pump  casings  through 
holes  provided  for  that  purpose  by  the  pump  manufac- 
turer. 

Discharge  Lines 

Discharge  line  pipe  tapers  were  delivered  to  the  site 
by  truck-trailers  from  the  fabrication  plant.  The  tap- 
ers were  positioned  and  anchored  in  sequence  with 
concrete  placements  and  joined  with  expansion  coup- 
lings. Fabricated  bends  and  manifolds  were  posi- 
tioned on  reinforced-concrete  foundations  and  an- 
chored in  place  (Figure  780).  A  bell  ring  adaptor  was 
welded  on  the  ends  for  the  transition  to  the  rein- 
forced-concrete  discharge  pipe.  The  manifold  was 
pressure-tested  at  the  site.  Combined  bends  and  mani- 
folds were  set  in  place  with  a  tower  crane  and  encased 
in  reinforced  concrete.  The  interiors  of  the  manifolds 
were  sandblasted  and  coated  with  coal-tar  epoxy. 


Electrical  Installations 

The  electrical  features  for  the  Pumping  Plant  under 
Specification  No.  67-60  were  installed  in  a  routine 
manner  with  a  minimum  of  delays  and  changes. 

These  installations,  required  under  the  contract  for 
completion  of  Oso  Pumping  Plant,  Specification  No. 
69-09,  were  made  by  a  subcontractor  and  were  accom- 
plished with  few  problems. 

Mechanical  Installations 

The  major  mechanical  installations  were  made  by 
the  contractor  for  completion  of  Oso  Pumping  Plant, 
Specification  No.  69-09,  and  included  installation  of 
department-furnished  pumps,  motors,  valves,  com- 
pressed air  system,  water  systems,  fire-extinguishing 
systems,  engine  generator,  and  other  equipment.  In- 
stallations were  made  in  a  routine  manner  except  for 
a  short  period  in  November  1970  when  heavy  rains 
flooded  the  lower  part  of  the  plant,  necessitating  the 
repair  of  some  equipment. 


Steel    Discharge   Manifold    Systen 
Center  Manifold  Wye 
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The  following  engineering  drawings  mav  be  found  in  consecutive  order  im- 
mediately after  this  reference  (Figures  781  through  810). 
Figure 
Number 

781  General  Plan 

782  Design  Data 

783  General  Arrangement — Elevation  3,110.5 

784  General  Arrangement — Elevation  3,096.5 

785  General  Arrangement — Elevation  3,082.5 

786  General  Arrangement — Elevation  3,080.5 

787  General  Arrangement — Longitudinal  Section 

788  General  Arrangement — Transverse  Section  Units  Nos.  3,  4,  5, 

and  6 

789  General  Arrangement — Transverse  Section  Units  Nos.  1,  2,  7, 

and  8 

790  Manifolds — General  Plan 

791  Discharge  Lines — Profile 

792  Compressed  Air  Systems 

793  Raw  Water  System 

794  Treated  Water  System 

795  Pumping  Unit  Air  System 

796  Pumping  Unit  Water  System 

797  Water  Fire-Extinguishing  System 

798  Carbon  Dioxide  Fire-Extinguishing  System 

799  Lubricating  Oil  System 

800  Dewatering  and  Pressure  Drain  Systems 

801  Plumbing  System 

802  Sewage  Systems 

803  Siphon  Evacuation  System 

804  Plant  Single-Line  Diagram 

805  Station  Service  Single-Line  Diagram 

806  Nonsegregated-Phase  Bus 

807  Cable  Trays 

808  Switchboards 

809  Control  and  Relay  Panels 

810  125-Volt  Direct-Current  Schematic 
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Figure  781.     General  Plan 
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Figure  782.      Design  Data 
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Figure  783.     General  Arrangement — Elevation  3,1 10.5 
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Figure  784.     Generol  Arrangement — Elevation  3,096.5 
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Figure  785.     General  Arrangement — Elevation  3,082.5 
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Figure  786.      General  Arrangement — Elevation  3,080.5 
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Figure  787.      Generol  Arrangement — Longitudinal  Section 
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Figure  788.     General  Arrangement — Transverse  Section  Units  Nos.  3,  4,  5,  and  6 
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Figure   789.      General  Arrangement — Transverse  Section  Units  Nos.  1,  2,  7,  and  8 
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Figure  790.     Manifolds— General  PI 
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Figure  791.     Discharge  Lines — Profile 
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Figure  792.     Compressed  Air  Systems 
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Figure  793.     Raw  Water  System 
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Figure  794.     Treated  Water  Syste 
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Figure  795.      Pumping  Unit  Air  System 
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Figure  796.      Pumping  Unit  Water  Systen 
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Figure  797.     Water  Fire-Extinguishing  Systen 
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Figure  798.      Carbon  Dioxide  Fire-Extinguishing  Syste 
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Figure  799.     Lubricating  Oil  Syste 
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Figure   800.      Dewatering  and  Pressure  Drain  Systen 
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Figure  801.     Plumbing  Syste 
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Figure  802.      Sewage  Syste 
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Figure  803.      Siphon  Evacuation  Syste 
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Figure   804.      Plant  Single-Line  Diagram 
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Figure   805.     Stotion  Service  Single-Line  Diagram 
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Figure  806.      Nonsegregated-Phase  Bu 
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Figure   807.      Cable  Troys 
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Figure  808.     Switchboards 
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Figure  809.      Control  ond  Relay  Panels 
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Figure  810.      125- Volt  Direct-Current  Schematic 
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Figure  811.      Location  Map — Castaic  Power  Development 
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CHAPTER  XVII.     CASTAIC  POWER  DEVELOPMENT 


General 

Introduction 

The  1,250-megawatt  (MW)  Castaic  pumped-stor- 
age  development  was  designed,  constructed,  and  is 
being  operated  in  accordance  with  the  "Contract  for 
Cooperative  Development,  West  Branch,  California 
Aqueduct"  between  the  Department  of  Water  Re- 
sources (Department)  and  Department  of  Water  and 
Power  of  the  City  of  Los  Angeles  (City)  (Figure  811). 
It  is  located  approximately  40  miles  northwest  of  Los 
Angeles  between  Pyramid  Lake  and  Castaic  Lake.  The 
originally  proposed  facilities  were  to  be  a  state-only 
development  of  214  MW  for  power  recovery  follow- 
ing the  lift  over  the  Tehachapi  Mountains.  The  coop- 
erative agreement  between  the  Department  and  the 
City  resulted  in  enlargement  of  the  generation  capaci- 
ty and  addition  of  a  pumpback  capability  for  larger 
peaking  capacity.  This  was  done  on  the  concept  that 
the  Department  would  receive  the  same  benefits  as  if 
a  2 14-MW  conventional  plant  had  been  built,  with  the 
Department  and  the  City  sharing  equally  in  the  re- 
maining benefits. 


The  major  components  of  these  power  facilities  are 
the  Angeles  Tunnel  intake  and  emergency  gate;  the 
30-foot-diameter,  37,775-foot-long,  Angeles  Tunnel; 
the  Angeles  Tunnel  surge  chamber;  the  1,200-MW 
Castaic  Powerplant;  the  50-MW  Unit  7  Powerplant; 
and  Elderberry  Forebay  (Figures  812,  813,  and  814). 
The  powerplants,  penstocks,  and  forebay  were  con- 
structed by  the  City.  All  remaining  components  were 
constructed  by  the  Department.  Related  features  are 
Pyramid  Lake  which  is  utilized  as  the  upper  storage 
reservoir  and  Elderberry  Forebay  (formerly  Castaic 
Forebay)  which  serves  as  the  pumping  forebay  during 
pumpback  operation.  A  1,078-foot  static  head  is  avail- 
able when  a  normal  generation  cycle  begins,  with 
Pyramid  Lake  at  elevation  2,578  feet  and  Elderberry 
Forebay  at  elevation  1,500  feet.  This  chapter  will  treat 
these  major  features  with  emphasis  on  the  features 
constructed  by  the  Department.  See  Volume  III  of 
this  bulletin  for  information  on  Pyramid  and  Castaic 
Dams.  Pyramid  power  development  is  discussed  in 
Chapter  XY1II  of  this  volume. 


Figure   812.      Aerial  View— Castaic  Powerplant 


(vSM 


Figure  813.     Aerial  View — Unit  7  Powerplant 
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Figure   814.      Castaic  Power  Development 
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Castaic  Powerplant 

Castaic  Powerplant  will  ultimately  contain  six  200- 
MW,  reversible,  pump-turbine/motor-generator  units 
spaced  65  feet  on  centers.  Two  200-MW  units  are  pres- 
ently installed  ( 1974) ,  and  the  remaining  units  will  be 
installed  at  one-year  intervals  beginning  with  Unit 
No.  3  in  1975. 

The  main  powerplant  structure  is  500  feet  long,  100 
feet  wide,  and  150  feet  high.  A  100-foot  by  100-foot 
service  bay  is  located  at  the  east  end  of  the  structure. 
The  powerhouse  (Figure  815)  is  serviced  by  two  375- 
ton-capacity  bridge  cranes  with  25-ton  auxiliary 
hooks. 

Pump-Turbines 

Equipment  installed  at  Castaic  Powerplant  includes 
six  257-rpm  reversible  pump-turbines  manufactured 
by  Hitachi,  Ltd.,  of  Japan.  All  pump-turbines  are  ver- 
tical-shaft, single-stage,  centrifugal  type.  Maximum 
net  generating  head  is  approximately  930  feet,  and  the 
maximum  total  pumping  head  is  approximately  1,130 
feet.  Pump  motors  are  rated  at  350,000  horsepower 
each. 

Under  normal  range  of  static  head,  the  six  generat- 
ing units  will  be  capable  of  generating  1,200  MW  with 
a  flow  of  17,000  cubic  feet  per  second  (cfs).  Pumping 
capability  at  normal  static  head  will  range  from  2,200 
cfs  with  one  unit  operating  to  approximately  12,000 
cfs  with  six  units  pumping. 


Motor-Generators 

Motor-generators  are  vertical-shaft,  synchronous, 
modified  umbrella-type  machines  with  two  guide 
bearings,  high-pressure  oil-lift  thrust  bearings,  and  a 
thyristor-type  static  excitation  system.  Any  one  unit 
can  be  started  in  the  pumping  mode  by  the  synchro- 
nous method  using  Unit  7  (50-MW  impulse  turbine). 
In  addition,  one  of  the  pump-turbines  can  be  used  as 
a  generator  for  back-to-back  starting  of  another  pump- 
turbine  unit  as  a  pump. 

Unit  7  Powerplant 

Unit  7  Powerplant  is  located  about  500  feet  from  the 
main  Castaic  Powerplant.  It  contains  one  50-MW  ver- 
tical-shaft generator  driven  by  a  six-nozzle  impulse 
turbine  operating  at  225  rpm. 

This  plant  was  placed  in  operation  on  February  12, 
1972  so  the  Department  could  meet  its  contractual 
obligation  for  delivering  water  to  water  users  served 
from  Castaic  Lake  during  initial  water  deliveries  prior 
to  initial  operation  of  Castaic  Powerplant,  which  be- 
gan in  July  1973.  In  accordance  with  the  West  Branch 
Cooperative  Development  Agreement,  Unit  7  was  de- 
signed for  a  minimum  flow  of  500  cfs. 

Switchyard 

The  switchyard  is  located  immediately  behind  Cas- 
taic Powerplant.  Because  of  restricted  space  and  the 
necessity  of  isolating  a  common  bus  for  pump  starting 
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connections,  a  double  bus-double  breaker  arrange- 
ment was  provided.  Each  bus  is  sectionalized  with  a 
circuit  breaker  to  prevent  the  possibility  of  rejecting 
total  plant  pumping  load  during  the  pump  starting 
process. 

Elderberry  Forebay 

The  pumping  forebay  is  formed  by  the  Elderberry 
Forebay  Dam.  It  retains  water  for  pumping  when  the 
water  surface  in  Castaic  Lake  drops  below  the  mini- 
mum level  required  for  pumping.  The  Forebay  is  1.9 
miles  long  and  provides  live  storage  of  18,000  acre-feet. 

Geology 
Areal  Geology 

The  component  sites  lie  within  the  Ridge  Basin, 
part  of  the  Transverse  Range  geologic  province.  The 
northern  boundary  of  the  Ridge  Basin  is  the  San  An- 
dreas fault,  the  western  boundary  is  the  southwest- 
trending  San  Gabriel  fault,  and  the  eastern  boundary 
is  a  complex  of  granitic  and  metamorphic  rock  over- 
lain by  nonmarine  sediments  on  the  south.  The 
prominent  topographic  features  of  the  Ridge  Basin  are 
dip  slopes  with  sharp-crested  ridges  that  are  steeply 
tilted  to  the  west  and  northwest. 

The  Angeles  Tunnel  penetrates  through  sedimen- 
tary rock  of  the  Castaic  formation  and  the  Ridge  Basin 
group.  The  foundation  for  Castaic  Powerplant  is  the 
Castaic  formation.  Both  geologic  units  are  very  simi- 
lar, consisting  of  a  uniform  interbedded  sequence  of 
northwest-dipping  sandstones  and  siltstones  with  a 
few  shaley  members.  Alluvial  deposits  overlay  these 
older  units. 

Angeles  Tunnel 

Because  of  the  similarity  between  the  Ridge  Basin 
and  Castaic  formation,  the  Angeles  Tunnel  was 
mapped  by  rock  types.  The  percent  of  each  rock  type 
mapped  was  sandstone  25%,  sandstone-siltstone  27%, 
siltstone  35%,  shale  5%,  argillite  5%,  and  fault  gouge 
3%. 

In  underground  exposures,  the  sandstones  are  light 
gray  to  tan,  fresh,  soft  to  friable  to  moderately  hard, 
and  fine  to  medium  grained.  The  sandstones  range 
from  very  thickly  bedded  to  thinly  bedded.  The  sand- 
stones contained  relatively  open  and  continuous  joint- 
ing at  high  angles  and  at  60  degrees  to  the  strike  of  the 
beds.  The  sandstones  exposed  during  tunneling  were 
usually  wet  and  proved  to  be  troublesome  because 
joint  blocks  in  the  roof  tended  to  produce  a  moderate 
to  large  overbreak. 

The  sandstone-siltstone  rocks  contain  mixtures  of 
sand  and  silt  with  sand  grains  predominant.  The  sand- 
stone-siltstone rocks  in  the  Tunnel  are  fresh,  dark 
brown-gray  to  gray,  with  a  moderate  hardness  and 
generally  little  fractured. 

The  siltstone  unit  at  depth  is  dark  gray  to  gray, 
fresh,  fine  grained  with  moderate  to  low  hardness. 
The  siltstones  are  thickly  bedded  or  occur  as  thin  in- 


terbeds  in  thick  sequences.  The  thick-bedded  siltstone 
is  generally  little  fractured  to  massive.  The  shales  oc- 
cur as  dark  gray  scattered  interbeds  up  to  3  inches 
thick,  usually  in  the  Castaic  formation.  The  argillite  is 
dark  gray,  fresh,  moderately  hard,  brittle,  and  laminat- 
ed to  thin  bedded,  containing  zones  of  minor  warping 
and  close  fracturing  parallel  to  the  Tunnel. 

The  most  common  occurrence  of  fault  gouge  is  in 
internally  sheared  beds.  Bedding  plane  faults,  usually 
thrust  faults,  are  the  prominent  structural  features 
exposed  by  the  Tunnel.  Other  faulting  crosses  the 
Tunnel  from  north  to  south  with  gouge  zones  up  to 
1  foot  thick. 

In  the  Tunnel,  the  predominant  jointing  is  perpen- 
dicular to  the  bedding  planes,  producing  localized 
sheeted  zones  or  single-rock  fractures. 

Geologic  Exploration.  Exploration  consisted  of 
geologic  mapping,  core  drilling,  and  rock  and  water 
testing.  An  exploratory  adit  was  driven  at  Osito  Can- 
yon, and  electric  logs  were  taken  of  selected  drill 
holes. 

Instrumentation.  Special  survey  hubs  were  in- 
stalled at  selected  areas  in  the  Angeles  Tunnel.  Eleva- 
tions of  the  hubs  were  recorded  to  determine  amount 
and  rate  of  movement  of  the  rock  in  these  areas.  Ro- 
sette-type, photoelastic,  strain  gauges  were  installed 
on  invert  steel  ribs  in  selected  problem  areas  to  show 
distortion  and  direction  of  stress  in  the  support  mem- 
bers. Interstate  Highway  5,  which  is  located  near  the 
tunnel  alignment,  was  under  construction  during  tun- 
nel construction.  Blasting  for  Interstate  5  excavation 
was  investigated  by  means  of  seismograph  readings  of 
the  blasting.  The  highway  blasting  did  not  cause  dam- 
age to  the  Tunnel  or  the  steel  support  system. 

Surge  Tank 

The  foundation  for  the  surge  tank  is  the  Castaic 
formation.  The  sedimentary  rock  is  predominantly 
sandstones,  with  interbedded  siltstones  and  minor 
shales.  The  rocks  typically  showed  little  fracture.  A  '/2- 
to  8-foot-thick  fault  zone  passes  through  the  junction 
structure,  connecting  shaft,  and  the  basal  position  of 
the  surge  chamber.  No  construction  difficulties  were 
encountered  other  than  minor  slipouts. 

Geologic  Exploration.  Rotary  core  drilling,  geo- 
physical surveying,  and  geologic  mapping  were  used 
in  exploring  the  surge  chamber  foundation. 

Instrumentation.  Instrumentation  in  the  surge 
chamber  included  strain  gauges  applied  to  the  ring 
beam  support  system  and  measurement  of  elevation 
changes  in  ring  beams  1  and  52. 

A  total  of  35  gauges  (SR-4  series)  was  attached  to 
the  ring  beams  in  groups  of  three:  one  gauge  was 
cemented  to  the  flange,  another  to  the  web,  and  a  third 
to  a  steel-plate  "dummy"  for  temperature  compensa- 
tion. 
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Castaic  Powerplant  and  Penstock 

The  bedrock  at  the  site  is  Castaic  formation  consist- 
ing of  predominantly  siltstone  with  sandy  siltstone 
and  silty  shale.  It  is  thinly  laminated  to  thinly  bedded 
with  a  distinctive  joint  pattern.  The  dominant  struc- 
tural features  are  uniformly  inclined  strata  dipping 
west  5  to  20  degrees.  Soft  sediment  deformation  has 
resulted  in  folding  and  slumping  of  the  beds.  Shear 
zones  and  faulting  were  mapped  within  the  excava- 
tion area.  Numerous  landslides  have  been  mapped  in 
the  area  of  Castaic  Creek  and  on  the  west  slopes. 

Field  investigations  indicated  that  there  were  no 
faults  or  landslides  which  should  affect  the  penstocks 
or  the  Unit  7  Powerplant. 

Geologic  Exploration.  Rotary  core  drilling,  auger 
drilling,  and  trenching  were  employed  in  selecting  the 
sites. 

Areal  Seismicity.  The  tunnel  and  plant  are  located 
in  a  seismically  active  area.  The  San  Andreas  fault 
zone  lies  8  to  10  miles  northwest,  and  the  Clearwater 
fault  lies  about  3  miles  north.  The  San  Gabriel  fault 
is  about  1  '/2  to  2'/2  miles  south  and  west.  These  facilities 
will  undoubtedly  experience  seismic  shaking  several 
times  during  their  service  period. 

Design  of  Angeles  Tunnel  and  Appurtenances 

Intake  works 

The  intake  works  consist  of  two  main  features:  the 
intake  structure  with  trashracks,  and  the  tunnel  gate 
facility  (Figure  816). 


The  intake  structure  located  at  the  north  portal  of 
the  Angeles  Tunnel  is  a  large,  gravity,  reinforced-con- 
crete  structure  anchored  to  the  rock  foundation.  This 
anchorage  increases  the  factor  of  safety  against  sliding 
and  seismic  ground  shaking.  The  intake  provides  a 
means  for  water  withdrawal  from  and  discharge  into 
Pyramid  Lake  for  the  pumping-generating  Castaic 
Powerplant. 

The  intake  draws  water  from  Pyramid  Lake  down 
to  elevation  2,345  feet,  which  is  10  feet  above  the  pro- 
jected silting  elevation.  Stainless-steel  trashracks  with 
6-inch  openings  cap  the  intake  and  are  located  230  feet 
below  the  normal  lake  level  of  2,578  feet. 

The  intake  structure  was  designed  to  carry  flows  of 
18,400  cfs  in  the  generating  mode.  The  design  flow  for 
the  pumping  mode  is  17,300  cfs.  The  maximum  flow 
rate  of  32,000  cfs  was  established  by  considering  a 
severe  emergency  condition  in  the  downstream  con- 
veyance which  contemplated  complete  severance  of 
the  Tunnel. 

The  tunnel  gate  facility  is  located  some  900  feet 
downstream  from  the  intake  structure.  It  consists  of  a 
gate  transition  structure  in  the  Tunnel;  a  gate  shaft 
extending  303  feet  up  to  elevation  2,592  feet;  a  gate 
maintenance  chamber;  a  large  hydraulic  cylinder;  and 
operating  mechanism  for  gate  control,  gate  stems,  and 
the  emergency  gate.  Appurtenant  facilities  include  an 
operating  area  at  elevation  2,643  feet,  a  control  build- 
ing, reservoir  gauging  station,  and  an  air  shaft.  The  air 
shaft  also  serves  as  a  resurgejelief  from  the  Tunnel  in 
case  of  inadvertent  closure  of  the  emergency  gate. 


Gate 

Maintenance 

Chamber 


Invert    Elev    2260.5'  ^Inver 

Figure   816.      Profile,  Intake  Structure,  and  Tunnel  Gate  Facility 
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Hydraulic  Design.  The  intake  facilities,  combined 
with  the  Tunnel,  the  surge  chamber,  and  the  pen- 
stocks, deliver  flow  to  and  from  Castaic  Powerplant. 
Following  are  design  flow  rates  for  the  various  condi- 
tions listed: 


Reservoir 

elevation 

(feet) 

Tail  bay 

elevation 

(feet) 

Flow 
(cfs) 

Generating  mode 
275,000  horsepower 

2,571/2,578 

2,561 

2,571/2,578 

2,370 

2,571/2,578 

1,500/1,530 
1,530 

1,530 

16,400/17,640 

275,000  horsepower 

18,000 

Maximum  flow 

Pumping  mode 
Maximum  flow 

1S,400 

17,300 

12,000 

Intake  Structure.  The  intake  structure  is  a  multi- 
ple-compartmented  structure  (four  22-foot  by  22-foot 
horizontal  openings)  which  bends  through  90  degrees 
for  vertical  discharge  and  withdrawal  in  the  reservoir, 
and  forms  a  transition  to  the  30-foot-diameter  Angeles 
Tunnel  (Figure  817).  The  hydraulic  principles  em- 
ployed are  those  used  in  designing  draft  tubes  and 
turbines.  The  structure  was  sized  using  these  princi- 
ples and  was  then  verified  with  an  air  model  to  check 
the  predicted  performance.  The  intake  configuration 
was  modified  during  the  model  study  by  adding  two 
additional  vanes.  These  vanes  eliminated  a  flow  stall 
that  had  plagued  the  original  configuration.  The  ma- 
jor objective  of  the  study  was  to  reduce  high  velocities 
in  the  pumping  mode  at  the  trashracks.  Tunnel  velo- 
cities are  a  maximum  of  approximately  24.5  feet  per 
second  during  17,300-cfs  pump  flows.  Exiting  flows 
from  the  final  configuration  are  held  to  between  10% 
and  65%  of  this  value,  with  a  mean  velocity  value  of 
36%. 

Tunnel  Gate.  The  gate  (Figure  818)  is  provided 
to  isolate  the  reservoir  from  the  Tunnel  for  mainte- 
nance and  to  serve  as  an  emergency  shutoff  device  in 
case  of  tunnel  rupture  or  failure  of  features  at  Castaic 
Powerplant.  The  gate  was  not  designed  to  control 
flow;  flow  control  is  provided  at  Castaic  Powerplant. 
The  gate  is  located  in  the  center  of  a  transition  struc- 
ture (30  feet  high  by  18  feet  wide)  approximately  130 
feet  in  length  (Figure  819).  The  upstream  and  down- 
stream transitions  are  similar  since  generating  and 
pumping  flows  are  nearly  equal.  The  gate  slot  is  locat- 
ed in  the  center  of  the  20-foot-long  rectangular  sec- 
tion. 

Hydraulic  Design.  The  gate  is  designed  to  close 
under  full  emergency  flow  of  32,000  cfs.  It  is  not  de- 
signed to  open  under  full  reservoir  head  with  the  Tun- 
nel dewatered.  To  open  the  gate  under  this  condition 


(downstream  tunnel  dewatered),  a  24-inch  bypass 
valve  system  is  provided  which  permits  filling  of  the 
Tunnel  in  approximately  30  hours.  When  the  head 
differential  is  approximately  20  feet,  the  gate  can  be 
opened.  The  gate  is  not  to  be  closed  against  reverse 
flow  when  Castaic  Powerplant  is  pumping.  Controls 
are  incorporated  to  shut  down  the  pumps  should  the 
gate  accidentally  close. 

Extensive  model  testing  of  the  gate  was  conducted 
at  the  Water  Science  and  Engineering  Laboratory  of 
the  University  of  California  at  Davis.  The  primary- 
purpose  of  the  study  was  to  observe  gate  behavior 
while  closing  under  full  flow  and  against  full  reservoir 
head.  The  study  also  observed  the  total  load  on  the 
gate  over  the  entire  range  of  gate  movement  during 
closure,  including  fluctuations  forced  by  hydraulic 
turbulence  in  the  transition. 

Structural  Design.  The  gate  is  a  flat-leaf  coaster- 
type  gate  with  two  continuous  roller  trains  on  each 
side  to  distribute  the  hydraulic  forces  to  the  roller 
tracks  (Figure  820).  It  is  25  feet  wide  by  32  feet  high 
by  4  feet  thick  and  was  designed  to  withstand  full 
reservoir  head  of  320  feet.  The  gate  has  a  downstream 
skinplate  and  downstream  seals  and  weighs  in  excess 
of  360,000  pounds. 

The  gate  is  held  by  a  steel  lifting  stem  with  14  re- 
movable sections.  The  total  length  of  the  stem  is 
slightly  over  318  feet  and  the  weight  in  excess  of 
180,000  pounds. 

The  stem  has  a  uniform  cross  section  composed  of 
two  W2 1  X  142  A36  structural  shapes  welded  together. 
Alignment  of  the  stem  and  its  mating  surfaces  is  criti- 
cal with  regard  to  fabrication,  installation,  and  main- 
tenance. 

The  stem  is  joined  and  connected  to  the  gate  and  the 
hydraulic  piston  rod  with  a  stem  coupling  device.  The 
hydraulic  cylinder  which  operates  the  gate  has  a  5- 
inch-thick  base  plate  supported  on  two  large  steel- 
plate  girders  that  span  the  gate  maintenance  chamber 
and  are  anchored  to  the  reinforced-concrete  walls. 
The  stroke  of  the  32-inch  hydraulic  piston  required 
for  gate  closure  is  over  33  feet.  Working  pressure  of 
the  hydraulic  system  is  1,100  pounds  per  square  inch 
(psi),  and  the  time  required  to  close  the  gate  is  slightly 
over  10  minutes.  When  not  in  use,  the  gate  and  stem 
sections  are  supported  on  structural  dogging  devices 
located  in  the  maintenance  chamber. 

The  hydraulic  system  is  equipped  with  pumps, 
sumps,  accumulators,  flow  control  valves,  and  related 
equipment  necessary  for  automatic  gate  closure.  Intri- 
cate electrical  circuits  equipped  with  the  necessary 
limit  switches  and  supervisory  control  features  are 
provided  so  that  the  gate  can  be  remotely  closed  in  an 
emergency,  either  from  the  area  control  center  at  Cas- 
taic Dam  or  from  Castaic  Powerplant.  However,  the 
gate  must  be  opened  on  the  site  by  manual  controls 
located  in  the  maintenance  chamber. 
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Figure   817.      Angeles  Tunnel  Intake  Structure 
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Figure  818.     Angeles  Tunnel  Gate 
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Figure    819.      General  Layout  of  Gate  Transition  Structure 


697 


Figure  820.     Gate  Details 
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The  maintenance  chamber  is  located  directly  above 
the  gate  shaft  (Figure  821).  Its  lower  deck  is  at  eleva- 
tion 2,592  feet  and  the  overhead  is  at  elevation  2,643 
feet.  Working  platforms  for  uncoupling  the  gate  stem 
sections  and  performing  other  maintenance  activities 
are  located  at  elevations  2,601,  2,616,  and  2,625  feet. 
These  platforms  also  provide  space  for  the  hydraulic 
control  console  and  the  hydraulic  and  electrical  sys- 
tems. The  chamber  is  entered  through  an  access  build- 
ing above  elevation  2,643  feet,  and  the  various  levels 
are  reached  by  a  spiral  stairway. 

During  maintenance  periods,  the  gate  stem  sections 
are  removed  one  at  a  time  and  moved  into  the  stem 
storage  area  by  means  of  a  7'/2-ton  stem-handling  crane 
located  on  rails  just  below  the  plate  girders  that  sup- 
port the  hydraulic  cylinder.  The  chamber  provides 
the  on-site  maintenance  space  for  the  gate.  When  all 
the  sections  are  removed  and  stored,  the  gate  is  in  its 
maintenance  position  and  is  supported  on  the  special 
gate  support  base  at  elevation  2,592  feet.  Raising  and 
stem  removal  operations  require  approximately  40 
hours. 

The  maintenance  chamber  has  removable  hatch 
covers  which  allow  maintenance  materials  to  be  raised 
and  lowered  from  above.  These  covers  and  the  plate 
girders  can  be  removed  so  that  the  gate  can  be  taken 
off-site  for  major  maintenance. 

Tunnel 

Description  and  Sizing.  The  37,775-foot-long  An- 
geles Tunnel  has  a  diameter  of  30  feet,  as  established 
in  the  aforementioned  agreement  between  the  City 
and  the  Department.  The  Department's  original  plan 
was  to  have  a  17-foot-diameter  tunnel,  supplying  a 
"once-through"  flow  to  a  214  MW-Castaic  Power- 
plant.  The  City  agreed  to  provide  all  additional  fund- 
ing required  to  increase  the  tunnel  size  to  a  30-foot 
diameter.  This  size  tunnel  enables  Castaic  Powerplant 
and  Unit  7  Powerplant  to  generate  at  peaking  capacity 
of  1,250  MW  as  well  as  pumping  back  at  reduced  dy- 
namic head. 

Alignment  and  Profile.  The  alignment  of  Angeles 
Tunnel  (Figure  822)  was  chosen  to  avoid  areas  where 
extensive  landslides  exist  and  to  provide  adequate  rock 
cover. 

At  the  north  portal,  the  tunnel  invert  elevation  was 
controlled  by  the  Pyramid  interim  dam  and  pool.  The 
interim  dam,  a  part  of  Pyramid  Dam,  diverted  project 
water  to  a  maximum  elevation  of  2,290  feet  in  order  to 
deliver  scheduled  flows  prior  to  completion  of  Pyra- 
mid Dam  and  Angeles  intake.  The  north  portal  invert 
was  set  at  elevation  2,260  feet,  and  a  temporary  intake 
was  provided.  This  is  considerably  lower  than  the 
dead  storage  elevation  of  2,345  feet. 

The  Angeles  Tunnel  has  a  slight  shift  in  horizontal 
alignment  where  it  crosses  Cherry  Canyon.  The  tun- 
nel invert  elevation  at  Cherry  Canyon  was  set  to  pro- 
vide sufficient  rock  cover  and  to  minimize  the  length 


and  grade  of  Osito  Canyon  adit.  To  obtain  60  feet  of 
rock  cover  at  Cherry  Canyon,  the  Osito  Canyon  adit 
was  sloped  downgrade  toward  the  Tunnel  at  4.5%. 
Further  lowering  of  the  tunnel  invert  at  Cherry  Can- 
yon would  have  resulted  in  an  even  longer  more  ex- 
pensive adit  at  Osito  Canyon. 

At  the  crossing  of  Castaic  Canyon,  the  horizontal 
alignment  was  established  to  obtain  an  adequate  verti- 
cal rock  cover  of  about  80  feet.  Based  on  these  consid- 
erations, the  invert  slope  for  the  Tunnel  was  set  at 
0.00177  from  the  north  portal  to  Station  1784-00  and 
at  0.00222  from  there  to  the  south  portal. 

Tunnel  Adits.  All  three  of  the  tunnel  adits  are 
concrete-lined  throughout,  and  provision  for  perma- 
nent access  into  the  Tunnel  through  each  adit  is  pro- 
vided by  means  of  a  steel  "dished  head"  door  at  each 
tunnel  adit  intersection  plug.  The  adits  are  1 1  feet 
wide  by  13  feet  high,  except  at  the  plug  where,  for 
structural  reasons,  the  dimensions  are  reduced  to  11 
feet  wide  by  9  feet  high. 

The  2,585-foot-long  Osito  Canyon  adit  (Figure  823) 
is  located  approximately  midway  along  the  tunnel 
alignment.  The  1,149-foot-long  north  adit  is  located 
approximately  5,655  feet  from  the  north  porta'.  The 
1,350-foot-long  south  adit  is  located  approximately 
3,960  feet  from  the  south  portal. 

Based  on  conventional  methods  of  tunneling,  Osito 
Canyon  adit  was  necessary  to  facilitate  excavation  of 
the  middle  reach  of  the  Tunnel  in  the  limited  time 
available.  The  south  adit  was  constructed  so  that  exca- 
vation muck  from  the  south  reach  could  be  removed 
through  the  adit,  rather  than  through  the  south  portal. 
This  freed  the  south  portal  area  for  construction  of  the 
connecting  structure  to  Castaic  Powerplant.  The 
north  adit  accomplished  a  similar  purpose  by  freeing 
the  north  portal  area  for  construction  of  the  tunnel 
intake  structure. 

Tunnel  Portals.  The  south  tunnel  portal  was  ex- 
cavated to  a  depth  of  130  feet  with  1:1  cut  slopes.  A 
large  excavation  was  necessary  to  provide  space  for 
Castaic  Powerplant  penstocks,  valves,  and  trifurcation 
structures. 

A  3,333-foot,  steel,  tunnel  liner  extends  from  Castaic 
Canyon  to  the  south  portal  where  it  joins  the  pen- 
stocks. Nominal  reinforcing  steel  also  was  placed  in 
the  tunnel  lining  for  a  distance  of  60  feet  from  the 
south  portal  where  rock  cover  was  only  60  feet.  The 
portal  face  is  supported  by  a  reinforced-concrete,  but- 
tressed, portal  structure.  The  upper  backfilled  portion 
of  the  structure  headwall  was  designed  for  an  equiva- 
lent fluid  pressure  of  60  pounds  per  square  foot  and 
the  dead  load  of  the  structure.  The  rest  of  the  struc- 
ture was  designed  for  the  dead  load  plus  an  equivalent 
fluid  pressure  of  20  pounds  per  square  foot. 

At  the  north  portal,  a  temporary  umbrella-type 
structure  was  installed  during  construction  to  protect 
workers  from  rock  falling  from  the  steep  slope  above 
the  portal. 
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Figure   821.     Gate  Shaft  and  Maintenance  Chamber 
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Figure  822.     Angeles  Tunnel  Alignment 
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Figure  823.     Osito  Canyon  Adit 
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Concrete  Lining.  The  minimum  thickness  of  the 
concrete  lining  was  established  at  15  inches.  Where 
steel  liner  was  used,  the  excavated  tunnel  diameter 
was  increased  to  facilitate  welding  the  steel  liner  sec- 
tions and  a  greater  concrete  lining  thickness  was 
therefore  necessary.  A  detailed  stress  analysis  of  the 
concrete  lining  revealed  that  the  lining  was  over 
stressed  in  tension  under  internal  hydrostatic  loads, 
making  cracking  likely.  Further  study  revealed  that 
the  stresses  would  be  only  slightly  reduced  by  increas- 
ing the  thickness  of  the  concrete  lining  and  therefore 
would  be  uneconomical.  Reinforcing  steel  was  consid- 
ered to  control  cracking  of  the  concrete  and  improve 
water  tightness.  However,  this  alternative  was  dis- 
carded because  of  the  excessive  amount  of  steel  re- 
quired. The  only  other  alternative  was  to  line  the 
entire  tunnel  with  steel.  Again,  the  matter  of  excessive 
cost  precluded  the  acceptance  of  this  method.  The 
problem  therefore  was  presented  to  departmental  con- 
sultants for  recommendation. 

The  consultants  advised  that:  (1)  even  though  the 
concrete  lining  would  ultimately  develop  minute 
cracks,  the  Tunnel  would  not  be  damaged;  and  (2)  the 
concrete  lining  is  ineffective  in  resisting  internal  pres- 
sure but  resists  external  loads  and  improves  the  hy- 
draulic properties  of  the  Tunnel.  Should  the  concrete 
crack,  the  internal  pressure  is  transferred  to  the  sur- 
rounding rock  which  is  competent  to  resist  this  pres- 
sure. However,  they  advised  using  reinforced- 
concrete  lining  at  the  adit  intersection.  The  240  feet  of 
tunnel  adjacent  to  the  intake  structure  was  designed 
with  a  reinforced- concrete  lining. 

Steel  Liner.  A  steel  liner  was  used  wherever  the 
vertical  rock  cover  was  less  than  60%  of  the  internal 
operating  head  in  feet,  or  wherever  the  horizontal 
rock  cover  was  less  than  200%  of  the  internal  head. 
Where  the  vertical  rock  cover  was  less  than  40%  of  the 
internal  head,  or  the  horizontal  rock  cover  was  less 
than  120%,  the  steel  liner  was  designed  to  take  the  full 
internal  head.  Where  vertical  rock  cover  was  between 
40%  and  60%,  the  surrounding  rock  was  assumed  to 
take  part  of  the  load. 

In  order  to  prevent  buckling  of  the  steel  liner  when 
the  Tunnel  is  dewatered,  the  steel  liner  was  designed 
for  external  hydrostatic  pressure  equal  to  the  depth  of 
vertical  rock  cover  above  the  Tunnel.  About  400  linear 
feet  of  liner  was  installed  at  Osito  Canyon,  1,040  feet 
at  Cherry  Canyon,  and  3,333  feet  at  the  south  portal. 
Stiffener  rings  were  used  to  strengthen  the  liner. 

Grouting.  Curtain  grouting  was  specified  at  the 
intersections  of  the  Tunnel  and  adits,  and  consolida- 
tion grouting  was  specified  for  the  full  tunnel  length. 
Contact  grouting  was  specified  to  fill  voids  between 
the  concrete  lining  and  surrounding  rock  and  in  the 
steel-lined  reaches  between  the  steel  liner  and  the  con- 
crete. 


Surge    Chamber    and    Juncture    Structure.     The 

surge  chamber  and  juncture  structure  (Figure  824) 
was  designed  and  financed  by  the  City  but  was  includ- 
ed in  the  Department's  Angeles  Tunnel  construction 
contract.  The  surge  chamber  is  120  feet  in  diameter 
and  383  feet  in  height,  of  which  225  feet  is  under- 
ground. The  surge  tank  portion  of  the  surge  chamber 
is  concrete-  and  steel-lined  throughout,  with  the  steel 
lining  extending  158  feet  aboveground.  A  108-foot- 
long  juncture  structure  is  directly  below  the  surge 
chamber  on  the  tunnel  alignment  and  connects  the 
surge  chamber  and  the  Tunnel  with  a  28-foot-diame- 
ter  riser.  The  juncture  is  heavily  reinforced  at  the 
intersection  with  the  riser.  The  riser  extends  78  feet 
in  height  from  the  crown  of  the  Tunnel  to  the  bottom 
of  the  surge  chamber. 

Access  Roads 

Permanent,  28-foot-wide,  asphaltic  concrete-paved, 
access  roads  serve  the  south  adit,  the  surge  tank,  and 
the  south  portal  of  Angeles  Tunnel.  The  total  length 
of  access  roads  is  approximately  2  miles. 
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TABLE  16.     Major  Contracts — Angeles  Tunnel 


Specification 


Low  bid 
amount 


Final 
contract  cost 


Total  cost — 
change  orders 


Starting 
date 


Comple- 
tion date 


Prime  contractor 


Angeles  Tunnel 

Angeles  Tunnel  intake  works 
Completion  of  Angeles 
Tunnel  intake  works  and 
Pyramid  Dam  outlet 
works 


66-22 
70-23 


895,039,650 
4,400,298 

4,552,630 


3105,565,117 

5,019,889 


4,902,095 


34,704,897 
292,642 


347,981 


9/26/66 
10/  1/70 

7/  6/71 


1/31/72 
5/10/72 

4/18/74 


Shea,   Kaiser,   Lockheed, 

and  Healy 
Shea-Kaiser-Healy 


Wismer   &   Becker  Con- 
tracting Engineers 


Construction 
Contract  Administration 

General  information  about  the  major  contracts  for 
the  construction  of  the  Angeles  Tunnel  is  shown  in 
Table  16.  The  construction  of  the  Tunnel  and  ap- 
purtenances was  accomplished  under  the  provisions 
of  three  major  contracts.  These  were  Angeles  Tunnel, 
Specification  No.  66-22;  Angeles  Tunnel  Intake 
Works,  Specification  No.  70-23;  and  the  Completion  of 
Angeles  Tunnel  Intake  Works  and  Pyramid  Dam 
Outlet  Works,  Specification  No.  71-10. 

Tunnel 

Portal  and  Open-Cut  Excavation.  The  Castaic 
and  Ridge  Basin  group  sandstone  and  siltstones  at  the 
north  adit,  Osito  adit,  south  adit,  and  south  portal 
areas  were  excavated  using  bulldozers  equipped  with 
rippers  and  with  scrapers.  At  the  north  portal  area, 
the  hard,  slightly  weathered,  Pyramid  argillites  had  to 
be  drilled  and  shot  before  they  could  be  dozed  down- 
hill, loaded  into  trucks,  and  hauled  to  designated  areas. 

Construction  of  Tunnel  Adits.  The  contract 
specifications  required  that  the  north,  Osito,  and 
south  adits  be  constructed  so  that  the  Tunnel  could  be 
driven  from  four  headings  concurrently  until  satisfac- 
tory progress  with  fewer  headings  was  demonstrated. 

As  soon  as  the  portal  area  had  been  opened  in  No- 
vember 1966,  the  contractor  started  driving  Osito  adit. 
Driving  of  the  north  and  south  adits  started  soon  after 
ward  (Figures  825  and  826).  Driving  of  the  south  adii 
for  a  length  of  1,223  feet  was  completed  in  February 
1967  and  Osito  adit,  with  a  length  of  2,518  feet,  a 
month  later.  The  north  adit,  which  is  1,147  feet  long, 
also  was  completed  in  February  1967. 

The  adits  were  driven  full-face  using  conventional 
methods  of  tunneling.  The  drill-shoot-muck-support 
cycle  was  accomplished  using  rubber-tired  diesel 
equipment.  Muck  was  deposited  in  the  designated 
spoil  area  outside  the  adit  portals.  A  nominal  17-foot- 
wide  by  19-foot-high  horseshoe  section  was  used  when 
driving  the  adits.  Average  rate  of  progress  for  a  three- 
shift  day  six-day  week  was  30  feet  per  24  hours.  Tun- 
nel rock  support  in  the  adits  consisted  of  8M34.3  steel 
ribs  set  on  4-  and  5-foot  centers.  Steel  pipe  collar 
braces  and  timber  blocking,  timber  lagging,  and  foot- 
blocks  were  used. 


Figure  825.      Excavation  of  South  Portal — South  Adit 


Figure   826.      Preparation  of  South  Portal — South  Adit  for  Gunite 
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Main  Tunnel  Excavation.  The  Tunnel  (Figures 
827  and  828)  was  driven  using  conventional  top  head- 
ing and  bench  tunneling  methods.  Driving  of  the  top 
heading  of  Angeles  Tunnel  commenced  in  November 
1966  and  was  holed  through  in  March  1968.  The  top 
heading  driving  cycle  consisted  of  a  drill-shoot-muck- 
support-type  operation.  As  many  as  five  headings 
were  driven  simultaneously.  Most  of  the  top  heading 
was  completed  before  excavation  of  the  bench  com- 
menced. 

All  top  heading  excavation  was  made  from  10  job- 


Figure  828.     Main  Tunnel 


built  rubber-tired  jumbos.  These  tunneling  jumbos 
were  mounted  on  truck  chassis.  Two  jumbos  worked 
side  by  side  at  each  heading.  Explosives  were  loaded 
in  the  drill  holes  from  the  jumbos  under  illumination 
from  arc  lights.  The  two  jumbos  were  moved  about 
1,200  feet  down  the  Tunnel  before  the  round  was 
fired. 

The  rate  of  advance  in  each  top  heading  depended 
on  the  type  of  rock  or  ground  encountered.  In  sand- 
stone, 25%  of  tunnel  length,  the  advance  averaged 
about  28  feet  for  a  24-hour  day.  In  siltstone,  37%  of  the 
tunnel  length,  the  advance  averaged  about  25  feet.  In 
sandstone-siltstone,  29%  of  the  tunnel  length,  the  ad- 
vance averaged  about  30  feet.  In  areas  of  fault  gouges, 
the  advance  was  only  about  17  feet.  These  rates  are 
based  on  a  six-day  week  with  three  shifts  per  day. 

Forty-five  percent  semigelatin  dynamite  was  used 
initially  for  blasting,  but  later  this  was  changed  to  a 
less  expensive  60%  dynamite  fired  by  zero  to  ten- 
second-delay  electric  blasting  caps.  The  average  pow- 
der factor  was  2  to  4  pounds  per  cubic  yard  of  excava- 
tion. 

After  the  heading  had  been  mucked  out  and  dressed 
down,  two  tractors  equipped  with  front-end  loaders 
and  rear-mounted  hydraulic  backhoes  made  the  final 
excavation  for  the  steel  wall  plates.  The  wall  plates, 
two  15150  beams  welded  together  with  gusset  plates, 
were  placed  on  bags  of  "Sac-Crete"  used  as  leveling 
blocks.  The  steel  tunnel  supports,  which  consisted  of 
two  arch  rib  segments,  were  made  from  W  10x40  struc- 
tural steel.  They  were  set  on  the  wall  plates  by  work- 
ing from  the  drilling  jumbos.'They  were  placed  on  4- 
or  5-foot  centers  depending  on  ground  conditions. 
The  arch  ribs  were  tied  together  with  bolt  collar 
braces  inside  lengths  of  3-inch  pipe.  Steel  and  timber 
lagging  and  timber  blocking  were  installed  between 
the  rib  sets  and  the  rock. 

After  the  heading  had  been  advanced  some  distance, 
it  was  determined  that  the  ground  was  exerting  more 
pressure  than  anticipated  on  the  tunnel  supports.  The 
sets  were  strengthened  by  placing  concrete  in  the  span 
between  sets  and  extending  4  feet  above  the  wall 
plates,  resulting  in  a  heavy  wall-plate  section  that  act- 
ed as  a  continuous  beam. 

Excavation  of  the  bench  was  started  before  the  top 
heading  had  been  completed.  The  bench  excavation 
was  a  drill-shoot-muck-gunite-type  operation.  A  5-foot 
by  7-foot  pattern  was  drilled  as  shown  on  Figure  829. 
Excavation  of  the  blasted  material  was  accomplished 
by  large  dozers  equipped  with  two  rear-mounted  rip- 
pers and  side-slope  blade  attachments  for  trimming 
the  sidewalls.  Rate  of  advancement  for  the  bench  exca- 
vation varied  widely  from  20  to  305  feet  per  24-hour 
day  per  heading. 

The  exposed  excavated  area  was  coated  with  a  nomi- 
nal 1  inch  of  gunite.  This  application  controlled  the 
progressive  loosening  of  rock  particles,  minor  slaking, 
and  reduced  cleanup  problems  prior  to  the  placing  of 
concrete  lining. 
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TYPICAL    TUNNEL    SUPPORT   SECTIONS 
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The  invert  was  unsupported  except  in  relatively 
short  sections  of  tunnel  where  poor  ground  conditions 
were  encountered.  In  these  areas,  W 10X49  invert  ribs 
were  used  resulting  in  a  full-circle  support  system. 
Spacing  of  these  ribs  varied  from  5  to  12  feet  depend- 
ing on  ground  conditions. 

Ground  Water  and  Gas.  Both  ground  water  and 
gas  were  encountered  in  the  driving  of  Angeles  Tun- 
nel, although  neither  presented  serious  construction 
problems. 

Ground  water  at  the  different  headings  was  minor 
and  was  readily  handled  by  the  drainage  systems.  The 
gasses  encountered  during  driving  were  methane  and 
hydrogen  sulfide.  The  hydrogen  sulfide  gas  was  in 
such  small  quantities  that  it  did  not  present  a  problem 
to  the  operation;  however,  methane  gas  was  a  continu- 
ing hazard.  An  automatic  alarm  system  was  installed 
in  each  air  exhaust  line  which  was  triggered  whenever 
the  exhaust  air  contained  2%  or  more  of  methane  gas. 
In  addition,  gas  readings  were  taken  periodically  in 
each  work  area. 

One  methane  gas  explosion  occurred  while  driving 
the  Tunnel  just  north  of  the  intersection  with  Osito 
adit.  The  explosion,  which  occurred  during  the  night 
shift,  was  due  to  open-flame  cutting  and  resulted  in 
hospitalization  of  four  workmen  with  minor  burns. 
Damage  to  the  work  was  negligible. 

Survey  Control.  Exterior  vertical  and  horizontal 
survey  controls  were  established  by  the  Department 
using  conventional  surveying  methods.  The  contrac- 
tor used  laser  beam  survey  instruments  for  survey 
control  inside  the  Tunnel. 

Steel  Liner.  Prior  to  commencing  concrete  lining 
of  the  Tunnel,  steel  liners  were  installed.  Liner  was 
required  at  Cherry  Canyon,  Osito  Canyon,  and  from 
just  upstream  of  the  surge  chamber  to  the  south  por- 
tal. The  steel  plates  varied  in  thickness  from  1  to  115/16 
inches.  The  plates  were  hauled  to  the  job  site  on  semi- 
truck  and  trailer  haul  units.  Two  assembly  yards  were 
established  near  the  north  adit  and  the  south  portal, 
where  individual  plates  were  assembled  and  welded 
into  circular  cylinders  with  a  30-foot  inside  diameter. 
Each  was  approximately  30  feet  long  (Figures  830  and 
831).  Stiffener  rings  were  welded  on  the  outside  of  the 
liner  plate  for  added  resistance  to  external  hydrostatic 
pressures. 

Initial  steel  liner  installation  started  from  the  south 
portal  (Figure  832).  The  30-foot-long  cylinder  "cans" 
were  hauled  into  the  Tunnel  on  a  carrier  jumbo,  posi- 
tioned, and  welded  together.  Steel  liner  cylinders  for 
Osito  and  Cherry  Canyon  reaches,  which  were  fab- 
ricated at  the  north  adit  yard,  were  hauled  to  the  north 
portal  on  special  heavy-duty  "low-boy"  trailers  pulled 
by  diesel  truck  tractors.  They  were  then  transferred 
onto  the  special  carrier  jumbo  and  hauled  into  the 
Tunnel.  The  space  between  the  outside  of  the  steel 
liner  and  the  excavated  tunnel  surface  was  backfilled 
with  structural  concrete. 


Figure   830.      South  Portal  View  Looking  at  Can  S-4 
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Figure  831.     South  Portal  Can  S-4  on  Tunnel  Transporter 


Figure   832.      South  Portal  Tunnel  Steel  Line 
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Concrete  Lining.  The  Tunnel  was  lined  with  con- 
crete in  two  operations.  Specifications  required  that 
the  90-degree  quadrant  invert  be  placed  before  the 
sidewalls  and  arch  and  that  the  concrete  be  3-inch 
maximum  size  aggregate  at  a  placement  temperature 
no  greater  than  50  degrees  Fahrenheit. 

A  total  of  32,798  linear  feet  (67,000  cubic  yards)  of 
invert  (Figure  833)  was  placed  using  a  job-designed, 
self-propelled,  rail-guided,  continually  moving  slip 
form  and  placing  train  that  could  extend  for  1,000  feet. 
In  addition  to  the  slip  form,  the  train  contained  a 
conveyor-belt  delivery  system  made  up  of  ten  100- 
foot-long  sections  and  several  finishing  platforms  sus- 
pended from  a  monorail  attached  to  the  conveyor  belt 
sections. 

Concrete  was  delivered  from  the  south  adit  batch 
plant  (Figure  834)  to  the  receiving  hopper  at  the  end 
of  the  lining  train  in  specially  designed  12-cubic-yard, 
agitating-concrete,  rail  cars  propelled  by  a  diesel  tun- 
nel locomotive. 

After  the  invert  paving  had  been  completed  to  the 
north  end  of  the  Tunnel,  lining  of  the  arch  and  side- 
walls  was  started.  A  600-foot-long  lining  train  was 
used,  made  up  of  fifteen  40-foot-long  collapsible  forms 
designed  especially  for  the  job  (Figure  835).  The 
form-moving  jumbo  rode  on  rails  laid  during  the  in- 
vert paving. 

Concrete  was  again  delivered  from  the  south  adit 
plant  to  the  concrete  pumping  system  in  concrete  rail 
cars.  The  pumping  system  consisted  of  two  pump- 
crete  machines  working  side  by  side  to  feed  the  10- 
inch-diameter  slickline. 


Batching,  Mixing,  and  Ice  Plants.  The  batching 
and  mixing  plant  consisted  of  an  8'/2-cubic-yard  tilting 
mixer;  rewashing  and  finish  screens;  and  weighing, 
metering,  and  blending  hoppers.  The  batcher  system 
consisted  of  an  8'/;-cubic-yard  batcher  coupled  with 
two  silos  (500-600  barrels)  for  cement  and  pozzolan 
with  electric,  over-air  discharge,  clamshell-type  gate 
with  12-foot  -  6-inch  clearance. 

The  ice  plant,  which  was  adjacent  to  the  batch 
plant,  consisted  of  an  ice  batcher  with  a  50-cubic-foot 
capacitv  with  direct  discharge  into  a  mixer;  a  360- 
gallon,  automatic,  water  weight  batcher  with  control; 
and  an  ice  plant  with  a  300-ton-per-day  capacity  with 
a  100-ton  ice  storage  bin.  The  units  were  automatically 
controlled. 

Concrete  Materials.  Type  Y  low-alkali  cement 
was  delivered  in  bulk  to  the  job  site  in  truck-tractor 
rigs.  Pozzolan  was  delivered  in  the  same  manner  as  the 
cement. 

Zeecon  R-40  was  used  as  the  water-reducing  agent. 
The  required  sands  and  aggregates  were  obtained 
from  the  contractor's  processing  plant  located  in  Cas- 
taic  Canyon.  Water  used  for  concrete  mixing,  aggre- 
gate washing,  and  other  tunnel  use  was  obtained  from 
Castaic  Creek.  The  contractor  had  developed  several 
wells  and  installed  several  large  pumps  in  the  vicinity 
of  his  aggregate  source. 

Grouting.  Contact  and  consolidation  grouting  of 
the  Angeles  Tunnel  was  performed  from  rubber-tired 
jumbos  using  "Moyno"  grout  pumps  under  the  direct 
supervision  of  department  personnel. 


Figure  833.     Wooden  Float  Finisher  Applying  Bull  Float  to  Invert 


Figure  834.     View  of  Contractor's  Batch  Plant  at  South  Adit 
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Figure  835.     View  of  Contractor's  Tunnel  Arch  Fo 


Figure   836 


tion  of  Surge  Chamber 


The  grout  was  premixed  at  a  small  plant  set  up  near 
the  south  adit  batch  plant  and  hauled  into  the  Tunnel 
in  the  same  concrete  transporting  cars  used  for  the 
concrete. 

Surge  Chamber 

Excavation.  Excavation  of  the  surge  chamber  was 
started  in  March  1967  after  the  tunnel  top  heading  had 
been  driven  approximately  900  feet  from  the  south 
portal  where  the  surge  chamber  intersects  the  Tunnel. 
The  nominal  1 39-foot-diameter  excavation  was  made 
in  stages.  First,  a  chamber  was  excavated  to  about  13 
feet  below  the  surface  of  the  ground.  Then  a  6-foot- 
diameter  vertical  shaft  was  drilled  to  intersect  the 
Tunnel.  Two  dozers  equipped  with  rear-mounted  rip- 
pers ripped  and  pushed  the  rock  into  the  6-foot  shaft 
(Figure  836).  The  accumulated  spoil  which  dropped 
into  the  Tunnel  was  loaded  into  Athey  Wagons  by  a 
48-inch  belt  loader  and  hauled  to  the  south  portal  dis- 
posal area.  The  shaft  was  sunk  in  5-foot  increments. 
After  excavation  and  trimming  had  been  completed, 
W14X103  circular  steel  ring  support  beams  were  in- 
stalled on  4-  to  5-foot  spacing. 

After  the  surge  chamber  and  riser  excavation  had 
been  completed,  the  bottom  half  of  the  juncture  struc- 
ture was  excavated  along  with  the  tunnel  bench. 

Reinforcement.  As  soon  as  all  excavation  had 
been  completed,  the  steel  supplier  started  installing  16 
million  pounds  of  No.  18  (2%  nominal  diameter), 
high-strength,  steel  reinforcing  bars.  The  detailing 
and  installing  of  these  large  bars  were  so  intricate  that 
a  scale  model  of  the  juncture  structure  was  built  to 
assist  in  visualizing  how  to  place  the  steel. 


Steel  Liner.  With  the  placement  of  reinforcement 
steel  well  under  way,  the  supplier  started  installation 
of  the  juncture  structure  riser  and  surge  chamber  steel 
liner.  Structural  concrete  backfill  between  the  excava- 
tion surface  and  steel  liner  followed  the  liner  erection 
as  closely  as  possible  without  creating  interference 
with  the  concrete  placing  operation. 

Thus,  construction  of  the  surge  chamber  advanced 
in  increments:  first,  the  installation  of  reinforcing 
steel,  then  the  installation  of  the  steel  liner,  and  finally 
the  placing  of  concrete. 

Concrete  for  the  juncture  structure  and  surge  cham- 
ber was  manufactured  at  the  south  adit  batch  plant 
and  transported  to  the  ground-level  area  at  the  surge 
chamber  by  a  fleet  of  transit  mix  trucks.  Placement 
was  by  a  number  of  10-inch-diameter  steel  drop  pipes 
located  around  the  perimeter  of  the  chamber  and  in- 
serted between  the  excavation  and  the  steel  liner  (Fig- 
ure 837). 

Intake  Works 

Excavation.  The  major  construction  was  under 
Specification  No.  70-23.  Excavation  for  the  foundation 
of  the  intake  structure  at  the  entrance  to  Angeles  Tun- 
nel started  March  2,  1971,  was  not  extensive,  and  was 
completed  in  seven  days.  The  air-shaft  extension  exca- 
vation also  was  minor,  although  it  required  some  drill- 
ing and  shooting. 

Excavation  was  started  for  the  gate  shaft  by  drilling 
an  NX  pilot  hole  which  was  difficult  to  keep  on  line. 
Three  attempts  were  required  before  the  hole  was 
completed  satisfactorily. 

A  6-foot-diameter  raise  for  the  gate-shaft  excavation 
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Figure  839.      Reinforcing  Steel  in  Gate  Shaft 


began  October  20,  1970  from  a  two-man  drilling  cage, 
hoisted  by  a  cable  through  the  pilot  hole  with  a  winch 
located  at  the  gate-shaft  bench.  The  raise  excavation 
proceeded  upward  along  the  pilot  hole  from  the  tun- 
nel crown  at  about  elevation  2,290  feet  to  the  gate- 
shaft  bench  at  the  surface.  This  operation  consisted  of 
a  drill-shoot-muck  cycle.  After  drilling  and  loading 
were  completed,  the  man-cage  was  taken  into  the 
Tunnel  away  from  the  blasting  area.  The  muck 
dropped  down  the  raise  to  the  Tunnel  and  was  hauled 
to  a  spoil  pile  near  the  north  portal  by  a  front-end 
loader.  The  last  20  feet  were  drilled  and  shot  from  the 
surface.  The  raise  was  completed  November  2,  1970, 
for  an  average  progress  of  14  feet  per  eight-hour  shift. 

Excavation  for  the  gate  maintenance  chamber  was 
driven  from  the  gate-shaft  bench  at  elevation  2,642  feet 
to  elevation  2,591  feet,  a  total  depth  of  51  feet.  Average 
progress  was  1.6  feet  per  ten-hour  shift. 

In  excavating  the  gate  maintenance  chamber  and 
gate  shaft,  a  backhoe  was  lowered  after  each  blast  and 
pushed  the  debris  into  the  disposal  shaft.  A  rubber- 
tired  front-end  loader  hauled  the  excavated  material 
from  the  Tunnel  to  a  designated  waste  area  near  the 
north  portal.  The  excavated  surfaces  were  secured 
with  rock  bolts,  wire  mesh,  and  shotcrete. 

Excavation  of  the  gate  transition  structure  required 
the  removal  of  some  of  the  existing  arch  tunnel  ribs; 
shooting  of  rock;  removal  of  wall  plates;  and  reinforc- 
ing portions  of  the  tunnel  crown  by  use  of  rock  bolts, 
wire  mesh,  and  shotcrete. 

Concrete  Structures.  Major  concrete  structures 
include  a  gate  transition  structure,  gate  shaft  with 
twin  air  shafts,  gate  maintenance  chamber,  air-shaft 
extension  and  outlet  structure,  and  a  dual-stage  intake 
structure  with  an  interim  intake. 

Gate  Transition  Structure.  Wooden  forms  were 
fabricated  in  sections  at  the  carpenter  shop  and  assem- 
bled in  place.  One-inch  steel  liner  plate  was  embedded 
on  either  side  of  the  gate  slot,  and  a  1-inch  steel  im- 
pingement was  embedded  downstream  of  the  gate  slot 
opposite  the  gate  bypass  pipe  outlet.  The  transition 
was  heavily  reinforced  with  No.  18  rebar  hoops  butt- 
welded  and  X-rayed  in  place. 

The  transition  invert  was  placed  by  pumping  con- 
crete through  the  Tunnel  with  a  concrete  pump,  and 
then  the  surface  was  steel-troweled.  Concrete  was 
placed  in  the  walls  and  crown  of  the  transition  by 
transporting  concrete  in  transit  mix  trucks  to  the  top 
of  the  gate  shaft  where  it  was  discharged  into  one  of 
four  10-inch  pipes  and  allowed  to  drop  about  350  feet 
to  in-place  forms  (Figure  838).  From  the  bases  of  the 
four  drop  pipes,  the  concrete  flowed  to  final  position 
under  the  head  in  the  pipes  assisted  by  vibration. 
Horizontal  movement  was  approximately  50  feet.  The 
impact  from  the  350-foot  drop  caused  the  concrete  to 
swell  and  flow  away  from  the  pipes  in  a  homogeneous 
mass  with  no  evidence  of  segregation.  Vibrators 
helped  to  move  the  concrete  from  the  pipe  into  final 
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position.   Slump   loss  due  to   the  drop  of  concrete 
through  the  pipe  was  about  1  inch. 

The  first  invert  placement  in  the  gate  transition  was 
made  on  April  1,  1971,  and  the  structure  was  com- 
pleted to  elevation  2,335  feet  on  December  14,  1971. 

Gate  Shaft  With  Twin  Air  Shafts.  Steel  forms, 
hinged  and  collapsible  to  facilitate  stripping,  were 
utilized  in  three  separate  20-foot  sections:  one  for  the 
gate  shaft  and  two  for  the  air  vents. 

Concrete  was  placed  in  the  gate  shaft  by  discharging 
from  transit  mix  trucks  into  the  six  10-inch  drop  pipes 
located  uniformly  around  the  shaft.  An  additional 
pipe  was  placed  at  the  intersection  of  the  gate  shaft 
and  air-shaft  forms  and  l'/2-inch  maximum  size  aggre- 
gate concrete  was  substituted  for  3-inch  maximum 
size  aggregate  concrete  because  of  a  heavy  concentra- 
tion of  reinforcing  steel  in  that  location  (Figure  839). 

Gate  Maintenance  Chamber.  Gate  maintenance 
chamber  concrete  was  used  in  the  structure  from  the 
top  of  the  gate  shaft  at  elevation  2,556  feet  to  the  gate- 
shaft  bench  at  elevation  2,643  feet. 

The  gate-shaft  steel  form  was  utilized  up  to  eleva- 
tion 2,585  feet.  Beginning  at  elevation  2,556  feet,  the 
air  shaft  (Figure  840)  converges  from  two  vents  to  a 
single  vent,  ending  in  a  10-foot  circular  section.  This 
section  of  air  shaft  and  the  gate  maintenance  chamber 
walls  were  wood  formed. 

Concrete  was  placed  in  a  similar  manner  as  in  the 
gate  shaft  with  10-inch  drop  pipes.  Some  concrete  also 
was  placed  with  a  crane  and  concrete  bucket. 

Air-Shaft  Extension  and  Outlet  Structure.  The 
air-shaft  extension,  which  is  90  feet  in  length,  changes 
from  the  vertical  air  shaft  into  a  10-foot-diameter  hori- 
zontal tube  (Figure  841).  This  tube  was  formed  with 
wood  fabricated  in  sections  at  the  carpenter  yard. 

Concrete  for  the  air-shaft  extension  was  placed  by 
crane  and  bucket. 

Dual-Stage  Intake  Structure.  The  Angeles  Tunnel 
intake  is  a  concrete  structure  forming  a  transition 
from  the  four-barrel  vertical  intake  to  the  horizontal 
Angeles  Tunnel.  This  structure  also  provided  an  in- 
terim, intake  complete  with  trashracks,  slide  gate,  and 
water-level  recorder.  The  first-stage  contract  under 
Specification  No.  70-23  completed  the  intake  to  eleva- 
tion 2,335  feet.  The  tower  was  completed  to  elevation 
2,357  feet  under  Specification  No.  71-10. 

First-stage  concrete  was  placed  in  the  intake  struc- 
ture when  foundation  backfill  began.  Added  excava- 
tion was  required  to  reach  sound  rock,  and  a  total  of 
6,800  cubic  yards  of  backfill  concrete  was  placed.  This 
was  2,800  cubic  yards  more  than  the  estimated  quan- 
tity. 

The  first  major  structural  concrete  placement  was 
for  the  intake  invert  and  was  difficult.  Three  concrete 
pumps  were  set  up  with  slicklines  to  pump  to  the 
downstream  side  and  work  upstream.  From  the  up- 
stream face  for  a  distance  of  about  950  feet,  3-inch 
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Figure   840.     left  Air  Shaft 


Figure   84).     Air  Shaft  Extension  Outlet 
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maximum  size  aggregate  concrete  was  placed  by  the 
crane  and  bucket  method.  This  method  could  not  be 
utilized  downstream  because  of  the  congestion  of 
closely  spaced  reinforcing  steel  in  the  walls. 

In  the  horizontal  and  radial  section  of  the  intake,  the 
forms  were  designed  to  stack  in  sections.  This  did  not 
allow  form  stripping  to  take  place  until  the  entire 
section  was  completed. 

The  last  concrete  for  the  first-stage  intake  was 
placed  on  October  22,  1971,  and  the  intake  was  com- 
pleted on  December  31,  1971  (Figure  842). 

The  second  stage  of  the  intake  structure  required 
the  placement  of  about  1,300  cubic  yards  of  reinforced 
concrete  in  a  cap  section  and  in  trashrack  support 
frames  on  top  of  the  first-stage  intake  structure.  Com- 
plicated forming  of  many  curved  surfaces  was  re- 
quired SO  feet  above  grade.  The  support  frames  are 
heavily  reinforced,  and  the  placing  of  concrete  and 
embedded  anchor  bolts  was  difficult. 

Steel  forms  were  used  for  most  of  the  intake  struc- 
ture concrete.  Some  surfaces  such  as  fillets  and  panels 
were  formed  with  wood,  covered  with  either  masonite 
(flat  surfaces)  or  sheet  metal  (fillets),  to  produce  the 
required  finish. 

Concrete  Placement.  The  concrete  plant  was 
used  earlier  for  the  Angeles  Tunnel  work  and  is  de- 
scribed in  previous  sections.  The  plant  was  relocated 
near  the  north  portal  of  Angeles  Tunnel  during  con- 
struction of  the  intake.  It  was  later  moved  immediate- 
ly south  of  the  contractor's  field  office,  and  concrete 
for  the  gate  shaft  was  produced  there. 

Aggregates  were  hauled  to  the  batch  plant  from 
Castaic  Creek  in  end-dump  trucks. 


Grouting.  Grouting  of  the  transition  section  of 
the  gate  shaft-tunnel  intersection  under  Specification 
No.  70-23  was  accomplished  in  three  stages.  After  con- 
crete placement,  the  transition  area  was  contact  grout- 
ed. At  each  end,  the  grouting  was  extended  20  feet 
beyond  the  contact  between  the  transition  and  the 
tunnel  lining.  During  contact  grouting,  a  large  grout 
take  occurred  in  the  joints  between  tunnel  lining  and 
transition. 

When  the  gate  shaft  was  lined  to  elevation  2,330 
feet,  the  second  stage  of  grouting  occurred.  Consolida- 
tion grout  holes  were  drilled  and  grouted.  The  split- 
spacing  method  was  continued  during  this  operation, 
and  the  use  of  contact  grouting  holes  also  was  con- 
tinued. In  general,  a  pressure  of  30  pounds  per  square 
inch  (psi)  was  used  in  grouting  of  this  area.  The  grout 
mix  proportion,  designated  by  the  ratio  of  water  to 
cement  by  volume,  was  varied  from  7:1  to  1:1  to  meet 
the  characteristics  of  the  area.  The  grout  take  was 
small. 

The  third  and  final  stage  of  grouting  was  the  con- 
tact grouting  behind  the  steel  lining  in  the  transition 
structure.  An  aluminum  powder  additive  was  used  to 
provide  nonshrink  grout  under  the  steel  liner.  The 
liner  was  sounded  to  locate  voids,  drilled,  and  fitted 
for  %-inch  pipe  valves.  Except  under  the  gate-slot 
floor  area,  little  grout  was  required  behind  the  steel 
liner.  Upon  completion,  the  grout  holes  were  welded 
shut  and  ground  smooth. 

A  series  of  grout  pipes  was  placed  around  the  in- 
terim intake.  These  later  were  used  for  grouting  after 
the  plug  concrete  had  been  placed. 

Mechanical  Installations.  The  major  mechanical 
installations  were  made  under  Specification  No.  71- 


Figure  842.     Looking  East  at  Intake  Structure 


Figure  843.     Filling  Closure  Plates  on  Floor  of  Gate  Transition 
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Figure   844.     View  of  Roller  Track  Milling  Machine  in  the  Right  Gate 
Slot 

10.  The  principal  item  was  the  construction  of  a  tun- 
nel intake  gate  and  related  gate-shaft  metalwork. 

The  most  formidable  task  encountered  in  complet- 
ing the  Angeles  Tunnel  intake  was  the  installation  of 
the  metalwork  in  the  gate  slot  and  gate  shaft  to  the 
specified  tolerances.  The  plans  called  for  all  metal- 
work to  be  located  within  a  tolerance  of  +  '/64  of  an 
inch,  and  the  requirements  for  the  gate  roller  tracks 
were:  (1)  at  any  given  point,  the  surface  should  not 
deviate  from  a  true  plane  at  a  rate  greater  than  0.002 
of  an  inch  per  foot;  and  (2)  deviation  from  a  true  plane 
should  not  exceed  0.006  of  an  inch  in  a  10-foot  length. 

The  gate-slot  metalwork  consisted  of  the  roller 
tracks,  seal  plates,  preload  tracks,  and  gate  guides.  It 
was  accurately  set  and  held  in  position  while  blockout 
concrete  was  placed.  The  concrete  was  placed  in  three 
10-foot  lifts  and,  during  each  placement,  dial  indica- 
tors were  used  to  check  for  any  movement  of  the  met- 
al. On  the  first  placement,  the  maximum  movement  of 
the  roller  track  and  seal  plates  was  0.002  of  an  inch, 
while  a  movement  of  0.009  of  an  inch  was  detected  for 
the  preload  track.  Criteria  of  0.002  of  an  inch  max- 
imum for  tracks  and  seals  and  0.005  of  an  inch  for 
preload  and  guide  sections  were  established  for  the 
subsequent  placements.  After  the  concrete  placements 
were  completed,  the  metalwork  was  checked  and 
found  to  be  within  specified  tolerances. 

As  a  final  operation  in  installation  of  the  gate-slot 


Figure   845.      Cutter  Head  and  Hydraulic  Controls  for  Gate   Roller  Track 
Milling  Machine 

metalwork,  it  was  necessary  to  weld  closure  plates 
between  the  newly  installed  metalwork  and  the  exist- 
ing liner  plate  (Figure  843).  This  required  full  pene- 
tration welds  to  be  made  within  18  inches  of  the  gate 
roller  tracks  and  sealing  surfaces  in  material  1  inch 
thick.  When  these  welds  were  made,  the  structural 
members  to  which  the  tracks  and  seals  were  attached 
pulled  and  warped  due  to  the  thermal  stresses.  As  a 
result,  the  tracks  and  seals  were  pulled  downstream 
from  0.02  to  0.05  of  an  inch.  To  meet  water  commit- 
ments, it  was  necessary  to  fill  the  Tunnel  on  Novem- 
ber 11,  1972.  Because  of  this,  the  contractor  was 
permitted  to  complete  the  closure  welds  and  apply  a 
first  coat  of  epoxy  to  the  liner  plate  without  correcting 
the  tracks  and  seals  deformation.  This  was  delayed 
until  the  Tunnel  was  again  dewatered. 

The  contractor  arranged  to  mount  a  milling  ma- 
chine in  the  gate  slot  during  the  next  dewatering  peri- 
od to  mill  the  track  and  seal  surfaces  to  tolerance.  The 
milling  machine  consisted  of  a  10-inch,  100-pound, 
wide-flanged  section,  40  feet  long  with  two  precision- 
machined  1-inch-diameter  bars  let  into  the  sides  four 
ways.  This  was  bolted  to  the  gate-slot  liner  plate  with 
angle  clips  at  18-inch  centers  (Figures  844  and  845). 
The  carriage  travel  was  controlled  by  a  40-foot-long 
lead  screw  powered  by  a  hydraulic  motor.  The  16-inch 
cutting  head  also  was  powered  hydraulically. 
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During  the  final  dewatering  period,  the  milling  ma- 
chine was  set  in  position.  Five  days  of  adjustments 
were  required  before  the  first  cut  was  made  (on  the 
right  roller  track).  The  milling  was  completed  six 
days  later,  after  an  average  of  0.060  of  an  inch  of  metal 
was  removed.  The  final  measurements  indicated  ex- 
cellent results.  The  quality  of  the  job  was  verified  by 
an  inspection  of  the  downstream  face  of  the  tunnel 
gate  on  April  3,  1974.  At  that  time,  the  gate  was  under 
a  head  of  2  50  feet  of  water,  and  the  leakage  beneath  the 
gate  was  less  than  5  gallons  per  minute  (Figure  846). 

From  November  1972  through  March  1973,  the 
gate-shaft  metalwork  (gate  guides  and  stem  guides 
above  the  Tunnel)  was  set  in  place  and  the  second- 
stage  concrete  was  placed  (Figure  847). 

The  Angeles  Tunnel  gate,  which  is  a  flat-leaf 
coaster  type  with  two  continuous  roller  trains  on  each 
side,  was  fabricated  in  Japan.  It  was  delivered  to  the 
site  on  December  11,  1972  and  placed  in  temporary 
storage  on  old  Highway  99.  On  January  23,  1973,  the 
lower  half  of  the  gate  was  moved  to  the  gate  mainte- 
nance chamber  and  set  in  erection  position  just  up- 
stream from  the  gate  slot.  The  lower  half  of  the  gate 
weighed  approximately  72  tons,  slightly  more  than  the 
top  section  (Figure  848).  The  gross  axle  load  for  the 
lower  gate  half  and  nine-axle  transporter  was  234,510 
pounds,  which  is  the  heaviest  allowed  on  the  state 
highway  system. 

The  gate  was  erected  in  a  temporary  position  up- 
stream from  the  gate  slot  allowing  work  to  continue 
in  the  gate  shaft.  The  bottom  half  of  the  gate  was  set 
into  place  and  pinned  to  the  gate  support  base,  and  the 
upper  half  then  was  lowered  into  place  and  bolted  to 
the  lower  section.  Lateral  support  for  the  gate  was 


Figure  847.     Stem  Guide  Blockout  Formwork 


Figure  846.     Seepage  in  Right  Corner  of  Tunnel  Gate 


Figure  848.     Lower  Half  of  Gate  Being  Raised  to  Vertical  Position 
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provided  by  cable  ties  upstream  and  downstream.  The 
cables  were  attached  at  the  gate  maintenance  chamber 
walls  to  wall  reinforcing  steel,  which  was  exposed  by 
chipping  out  sufficient  concrete  to  permit  attachment 
of  the  cables.  These  cables  with  come-alongs  were 
later  used  to  pull  the  gate  into  position  over  the  gate 
slot. 

Assembly  of  the  gate  and  hydrostatic  testing  of  the 
gate  seals  were  completed  in  April  1973.  On  May  3, 
1973,  the  gate  was  fully  lowered  into  the  gate  slot. 

The  gate  operator  is  a  34-foot-long,  32-inch-diame- 
ter,  hydraulic  cylinder  supported  at  the  top  of  the  gate 
maintenance  chamber  by  two  8-foot-deep  plate  gird- 
ers (Figure  849).  With  a  pressure  of  1,550  psi  on  the 
rod  end,  it  is  capable  of  exerting  a  lift  of  just  over 
1,000,000  pounds.  The  gate  operator  was  delivered  to 
the  job  site  on  March  12,  1974. 

The  gate-opersttor  hydraulic  system  is  comprised  of 
pumps,  control  cabinet,  valve  cabinet,  appurtenant 
piping  and  hydraulic  components,  and  a  nitrogen- 
over-oil  accumulator  system. 

Many  difficulties  and  delays  were  encountered  dur- 
ing the  shop  fabrication  of  the  hydraulic  system.  Be- 
cause of  these  delays,  the  system  was  not  delivered  to 
the  job  site  until  December  18,  1973,  and  it  was  neces- 
sary for  the  contractor  to  supply  a  temporary  hydrau- 
lic system  for  installation  of  the  gate  in  the  spring  of 
1973. 

The  gate  stem  is  comprised  of  14  sections.  Each 
length  was  fabricated  by  welding  together  two 
W21X142  structural  shapes  of  A36  steel.  Each  stem 
joint  is  made  up  with  fourteen  l'/4-inch  stud  bolts 
made  of  precipitation-hardened  stainless  steel  with  a 
tensile  strength  of  150,000  psi.  When  each  stem  con- 


nection was  made  up,  each  stud  was  pretensioned  to 
128,000  psi  by  means  of  a  portable,  air-operated,  hy- 
draulic-tensioning  device  (Figure  850). 

From  April  1973  until  January  1974,  when  installa- 
tion of  the  permanent  system  was  started,  the  tempo- 
rary system  remained  connected  for  use  in  case  an 
emergency  closure  of  the  tunnel  gate  was  necessary. 
Installation  of  the  permanent  system  continued  from 
January  28,  1974  to  March  12,  1974,  when  testing  of 
the  system  was  started.  During  the  period  of  installa- 
tion of  the  permanent  system,  the  temporary  system 
was  not  usable.  However,  the  gate  was  operable  in 
case  of  emergency.  It  had  been  lifted  and  the  dogs 
retracted,  and  it  was  supported  by  the  hydraulic  oil  in 
the  operator  cylinder. 

Bypass  piping  was  installed  under  the  contract  for 
the  Angeles  Tunnel  intake  works,  Specification  No. 
70-23.  The  two  valves,  which  are  24-inch  spherical 
plug  valves,  were  installed  under  contract  (Specifica- 
tion No.  71-10).  Makeup  of  the  valves  to  the  existing 
piping  was  made  during  the  final  dewatering  period, 
the  same  period  that  milling  was  done. 

These  valves  are  hydraulically  controlled  from  the 
gate  maintenance  chamber. 

Electrical  Installations.  Embedded  conduit  in  the 
gate  maintenance  chamber,  control  building,  reser- 
voir gauging  station,  gate  shaft,  and  the  gate-shaft 
bench  was  installed  under  Specification  No.  70-23. 
The  completion  contractor  installed  all  the  required 
surface  conduit  runs,  electrical  wiring,  control  cabi- 
nets, and  all  devices  required  to  complete  the  electrical 
installation  for  the  Angeles  Tunnel  intake  works. 

Electrical  work  was  completed  as  equipment  was 
installed  and  made  ready  for  operation. 


Figure   849.     Completed  Hydraulic  Operator  for  the  Tunnel  Gate 


Figure  850.      Eiach  Tensioners  Used  to  Tension  Tunnel  Gate  Stem  Flange 
Studs 
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Figure   851.      Location  Map — Pyramid  Power  Development 
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CHAPTER  XVIII.     PYRAMID  POWER  DEVELOPMENT 


General 

Location 

Pyramid  Powerplant  will  be  located  at  the  upper 
end  of  Pyramid  Lake,  approximately  8  miles  south  of 
Gorman  and  55  miles  north  of  Los  Angeles.  This  site 
is  on  the  west  side  of  Gorman  Creek  and  west  of 
Interstate  Highway  5  (Figure  851). 

Purpose 

This  powerplant  will  generate  electrical  energy  by 
utilizing  the  available  head  in  the  California  Aqueduct 
from  the  end  of  the  lower  Quail  Canal  to  Pyramid 
Lake.  The  plant  will  be  operated  on-peak  whenever 
possible  to  help  meet  project  power  requirements. 

Description 

Pyramid  Powerplant  complex  includes  the  plant, 
Peace  Valley  Pipeline,  enlarged  Quail  Canal  and 
Quail  Lake  facilities,  and  a  switchyard. 

The  Powerplant  will  be  a  157-megawatt  (MW)  in- 
stallation containing  two  generating  units,  each  tur- 
bine capable  of  passing  1,550  cubic  feet  per  second 
(cfs)  at  a  static  head  of  740  feet.  The  plant  will  dis- 
charge into  Pyramid  Lake  behind  Pyramid  Dam, 
which  was  completed  in  1974.  It  is  estimated  that  the 
annual  generation  at  this  facility  will  be  about  950 
million  kWh. 

Quail  Canal  and  Lake  facilities  will  require  modifi- 
cation work  to  increase  their  storage  capacity  and  to 
furnish  better  control  of  power  generating  flows. 

Peace  Valley  Pipeline  serves  as  the  penstock  for  the 
Powerplant.  Two  conduits,  one  for  each  generating 
unit,  each  approximately  5.6  miles  in  length,  will  be 
provided.  Construction  of  this  power  facility  is  sched- 
uled to  begin  in  1977  and  be  on  line  in  1982. 

Representative  preliminary  design  drawings  are  in- 
cluded at  the  end  of  this  chapter. 

Geology 

The  Pyramid  Powerplant  facilities  will  lie  in  the 
northwest  corner  of  the  Ridge  Basin,  a  deep  structural 
basin  containing  a  thick  stratigraphic  section  of  Plio- 
cene sedimentary  rocks.  In  this  area,  rocks  consist  of 
sandstones,  shales,  and  siltstones  which  have  been 
folded  into  a  series  of  westerly  or  northwesterly  trend- 
ing folds.  Erosional  processes  have  sculptured  these 
rocks  into  steep-walled  canyons  and  sharp  ridges. 

Most  of  the  facilities  will  be  in  Peace  Valley  and 
Canada  de  Los  Alamos,  which  combine  to  form  a 
north-trending  valley,  floored  by  alluvial  deposits 
consisting  primarily  of  silts  but  including  some  clays, 
fine-grained  sands,  and  a  few  gravels.  The  alluvium, 
particularly  below  the  Hungry  Valley-Peace  Valley 
confluence,  is  generally  saturated  from  the  elevation 


of  the  present  stream  course  to  the  underlying  bed- 
rock. 

Pipeline 

Most  of  the  pipeline  will  rest  on  alluvium.  Both 
alluvial  deposits  and  older  sedimentary  rocks  are  soft 
enough  that  the  pipe  trench  can  be  excavated  by  com- 
mon methods.  Some  light  blasting  may  be  necessary  in 
the  sedimentary  rocks. 

Powerplant  Site 

The  site  of  the  Powerplant  is  on  the  west  side  of 
Canada  de  Los  Alamos.  The  deepest  part  of  the  bed- 
rock channel  is  near  the  west  bank  of  Peace  Valley 
where  maximum  depth  of  alluvium  is  about  55  feet  on 
the  east  half  of  the  plant  site.  It  is  estimated  that  ap- 
proximately the  lower  40  feet  of  alluvium  is  saturated. 
The  alluvium  is  expected  to  be  mostly  silt,  although 
indications  from  earlier  drilling  suggest  that  there 
may  be  a  layer  of  sand  and  gravel  several  feet  thick 
immediately  overlying  the  bedrock.  Tests  of  the  grav- 
el at  another  location  indicated  a  permeability  of 
about  24  feet  per  day. 

Below  elevation  2,525  feet,  the  entire  plant  founda- 
tion is  expected  to  be  in  bedrock.  Information  from 
one  exploratory  hole  at  the  site  and  other  geologic  data 
indicate  that  bedrock  at  the  plant  site  is  probably  silty 
shale.  It  is  anticipated  that  the  silty  shale  will  be  rela- 
tively fresh  immediately  underneath  the  alluvium.  A 
conservative  estimate  of  bearing  capacity  of  the  shale 
is  6  tons  per  square  foot.  The  general  strike  of  the 
sedimentary  rocks  is  northeast,  dipping  northwesterly 
between  15  and  20  degrees.  This  dip  is  favorable  for 
stability  of  cuts  in  bedrock  on  all  sides  of  the  plant 
except  on  the  southerly  side,  where  the  attitude  could 
be  conducive  to  bedding  plane-type  failures. 

Ground  Water 

The  present  ground  water  levels  in  the  valley  allu- 
vium in  Canada  de  Los  Alamos  are  near  streambed 
elevation. 

Excavation  will  be  difficult  in  the  saturated  alluvial 
silts,  because  the  silts  tend  to  run  and  flow  and  are 
difficult  to  dewater.  In  the  alluvial  portions  of  the 
plant  excavation,  it  may  be  necessary  to  excavate 
much  of  the  silty  material  beyond  the  boundaries  of 
the  proposed  excavation  in  order  to  control  slopes  and 
ground  water. 

Seismicity 

The  project  area  is  near  three  of  California's  major 
faults,  the  San  Andreas,  Garlock,  and  San  Gabriel. 
Both  the  past  seismic  history  and  the  tectonic  frame- 
work of  the  region  suggest  that  the  seismic  pattern 
during  the  life  of  the  project  will  be  one  of  strong 
earthquakes  at  infrequent  intervals.  Most  likely  source 
of  strong  earthquakes  is  the  San  Andreas  fault. 
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Quail  Lake,  8  miles  north  of  Pyramid  Powerplant, 
is  within  the  San  Andreas  fault  zone.  It  is  probable 
that  displacement  along  the  San  Andreas  fault  could 
affect  the  Quail  Lake  facilities,  but  actual  fault  dis- 
placement is  not  likely  to  occur  elsewhere. 

Exposure  to  severe  earthquake  shaking  is  aggravat- 
ed by  the  fact  that  much  of  the  alluvium  in  the  valley 
floor  is  comprised  of  saturated  silts,  sands,  and  clays. 
These  conditions  favor  earthquake  damage  by  lique- 
faction, failure  of  cut  slopes  particularly  where  satu- 
rated, differential  settlements,  and  lurch-cracking. 


Civil  Features 

Preliminary  Studies 

Several  schemes  for  developing  power  on  the  West 
Branch  of  the  California  Aqueduct  were  investigated. 
Of  those  studied,  the  following  appeared  to  be  the 
most  feasible: 

1.  A  157-MW  powerplant  located  on  the  Gorman 
Creek  arm  of  Pyramid  Lake.  This  plan  requires  5,400 
acre-feet  of  active  storage  in  Quail  Lake. 

2.  A  1,200-MW  pumped-storage  project  located  on 
the  Piru  Creek  arm  of  Pyramid  Lake.  This  alternative 
required  a  large  dam,  reservoir  and  a  realigned  pipe- 
line in  lieu  of  Peace  Valley  Pipeline. 

3.  A  500-MW  pumped-storage  project  located  on 
the  Gorman  Creek  arm  of  Pyramid  Lake.  This  project 
required  a  12,000-acre-foot  reservoir. 

Alternative  1  proved  to  be  the  most  feasible  for  con- 
struction at  this  time  and  has  been  approved. 

Site  Development 

Access  to  the  powerplant  area  will  be  from  aban- 
doned State  Highway  99,  which  will  remain  in  service 
to  allow  access  to  the  existing  recreation  area  down- 
stream of  the  plant.  Access  to  State  Highway  99  will 
remain  at  the  Hungry  Valley  Interchange  of  Inter- 
state 5  about  2  miles  north. 

Gorman  Creek  separates  the  plant  site  and  High- 
way 99,  and  a  bridge  will  be  required  for  access  to  the 
plant.  The  bridge  will  be  a  cast-in-place,  reinforced- 
concrete,  T-beam  bridge  of  six  spans:  two  42-foot-long 
end  spans,  and  four  55-foot-long  intermediate  spans 
for  a  total  length  of  304  feet.  The  bridge  will  be  33 
feet  -  4  inches  wide  and  will  consist  of  two  14-foot 
lanes  and  two  2-foot  -  8-inch  safety  curbs. 

The  Powerplant  will  be  visible  from  Interstate  5, 
and  therefore  all  permanent  site  grading  will  be  done 
in  a  manner  that  will  reduce  visual  impact  of  exposed 
cut  and  fill  slopes.  Permanent  cuts  are  planned  to  be 
1/4:1,  and  temporary  construction  cut  slopes  will  vary 
from  steep  to  quite  shallow  depending  on  the  material 
and  ground  water  level.  Final  slopes  will  be  based  on 
additional  geologic  and  soil  investigations  conducted 
for  final  design. 

Tributary  drainage  area  for  the  powerplant  site  is 
small,  and  only  local  runoff  has  to  be  accommodated. 
One  small  gully  discharges  from  the  hills  west  of  the 


site  into  the  Creek  immediately  downstream  of  the 
plant.  Flow  will  be  collected  in  a  culvert  and  routed 
into  the  tailrace  channel.  Local  runoff  from  the  plant 
site  will  be  collected  in  drainage  ditches  and  dis- 
charged into  the  Creek  downstream  of  the  plant.  Dur- 
ing construction,  storm  runoff  will  be  diverted 
around  the  powerplant  excavation,  utilizing  perma- 
nent drainage  facilities  where  practical. 

Spoil  from  the  powerplant  excavation  will  be  placed 
approximately  400  feet  behind  the  plant.  The  top  of 
the  spoil  bank  will  be  relatively  level  and  will  be  used 
for  the  switchyard,  storage  areas,  septic  tank,  and 
leach  field. 

Even  though  Gorman  Creek  normally  has  negligi- 
ble flows,  large  floodflows  do  occur.  Floodflows  from 
Gorman  Creek  will  discharge  into  the  stilling  basin 
over  the  vertical  north  wall  of  that  basin.  From  this 
point,  the  flows  will  continue  into  Pyramid  Lake  by 
way  of  the  existing  channel. 

Plant  Structure 

The  substructure  will  be  approximately  149  feet 
long,  140  feet  wide,  and  75  feet  deep  and  the  super- 
structure will  be  about  63  feet  high.  Plant  dimensions 
will  be  established  by  the  size  of  turbine  units,  ar- 
rangement of  equipment  inside  the  plant,  and  space 
required  for  the  service  bay.  The  invert  of  the  plant 
will  be  determined  by  the  required  submergence, 
while  the  top  deck  will  be  set  to  provide  adequate 
freeboard  during  flood  conditions  in  Pyramid  Lake. 
The  height  of  the  superstructure  will  be  determined 
by  crane  clearances  required  for  lifting  major  equip- 
ment. Principal  dimensions  of  the  turbine  and  genera- 
tors, for  preliminary  design,  will  be  based  on 
information  obtained  from  manufacturers  of  this 
equipment. 

The  superstructure  will  be  constructed  of  rigid  steel 
frames  enclosed  with  insulated  metal  siding  and  con- 
crete block  walls.  The  steel  frames  will  support  the 
bridge  crane.  The  roof  will  be  metal  decking  covered 
with  built-up  composition  roofing.  A  control  room, 
visitor  facilities,  and  office  space  will  be  in  a  structure 
attached  to  the  downstream  side  of  the  superstructure. 

The  substructure  of  the  plant  will  be  constructed  of 
reinforced  concrete  in  two  stages.  The  first-stage  con- 
crete will  essentially  complete  the  substructure,  while 
the  second-stage  concrete  will  be  used  for  embedment 
of  the  turbines  and  to  support  the  generators  and 
other  plant  equipment. 

Two  draft-tube  gates  will  be  provided  for  dewater- 
ing  one  unit  at  a  time  and  will  be  stored  in  the  gate 
slots  immediately  below  the  top  deck.  The  gates  will 
be  raised  and  lowered  with  a  gantrv  crane. 

Waterways 

Quail  Facilities.  These  are  existing  conveyance 
facilities  which  require  some  enlargement  to  meet  the 
storage  requirements  of  this  power  development.  A 
full  discussion  of  these  facilities  is  contained  in  Vol- 
ume II  of  this  bulletin. 
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Peace  Valley  Pipeline.  Peace  Valley  Pipeline  will 
begin  at  the  terminus  of  lower  Quail  Canal,  extend  5.6 
miles  to  Pyramid  Powerplant,  and  convey  the  full  3,- 
092-cfs  capacity  of  the  West  Branch.  Elevation  differ- 
ences between  the  water  surfaces  in  lower  Quail 
Canal  and  Pyramid  Lake  will  provide  an  average  static 
head  differential  of  740  feet.  The  pipelines  will  serve 
as  a  long  penstock. 

Studies  were  made  to  determine  whether  a  one-  or 
two-barrel  pipeline  system  would  be  most  feasible. 
These  studies  compared  total  costs  for  installation  of 
various  pipe  diameters.  Information  obtained  from 
prestressed  pipe  suppliers  indicated  that  pipe  sections 
over  10  feet  in  diameter  would  be  more  economically 
produced  by  field  fabrication  and  under  10  feet  by 
factory  fabrication  and  transportation  to  the  job  site 
by  commercial  trucking. 

Even  though  these  studies  showed  the  single-pipe- 
line system  using  a  16-foot  diameter  to  be  somewhat 
less  expensive  than  a  two-pipe  system  each  12  feet  in 
diameter,  operational  reliability  overweighed  the  eco- 
nomic savings.  In  addition,  heads  of  the  magnitude 
encountered  in  Peace  Valley  Pipeline  are  unprece- 
dented in  16-foot-diameter  pipelines,  and  the  design 
would  have  to  be  extrapolated  beyond  that  considered 
to  be  reasonable.  Therefore,  the  two-pipeline  system 
was  recommended. 

In  the  vicinity  of  Pyramid  Powerplant,  where  the 
backfill  cover  will  be  50  feet,  the  pipe  will  be  of  steel, 
encased  in  reinforced  concrete  to  protect  it  from  large 
overburden  loads. 

Penstock  articulation  sections  will  be  provided  in 
the  coupling  chamber  behind  the  plant  where  the  pen- 
stocks enter  the  structure.  These  articulation  sections 
will  allow  for  3  inches  of  relative  displacement  in  any 
direction,  thus  reducing  the  risk  of  penstock  rupture 
resulting  from  displacement  or  rocking  of  the  plant 
during  an  earthquake.  The  articulation  sections  will 
follow  the  typical  designs  discussed  in  Chapter  I  of 
this  volume. 

Afterbay  and  Tailrace  Channel 

Design  of  the  afterbay  and  tailrace  channel  for 
Pyramid  Powerplant  will  meet  the  following  basic 
requirements: 

1.  Maintain  minimum  tailwater  for  the  turbines. 

2.  Convey  up  to  3,100  cfs  from  the  plant  into 
Pyramid  Lake  under  varying  water  surface  condi- 
tions in  Pyramid  Lake. 

A  control  sill  in  the  invert  of  the  tailrace  channel 
will  maintain  the  required  submergence  at  the  units. 
The  tailrace  channel  will  be  260  feet  long  by  26  feet 
wide  throughout  most  of  its  length.  In  the  last  1 10  feet, 
it  will  widen  from  26  feet  to  74  feet  at  the  stilling 
basin.  The  stilling  basin  will  then  widen  to  104  feet  at 
the  calculated  location  of  the  hydraulic  jump,  approxi- 
mately 35  feet  past  the  end  of  the  tailrace  channel.  The 
bottom  of  the  stilling  basin  will  be  determined  so  that 


the  hydraulic  jump  will  match  the  level  of  the  reser- 
voir when  it  is  at  minimum  normal  operating  level. 

Mechanical  Features 

General 

Mechanical  features  are  presently  in  design  and  will 
include  two  turbines,  turbine  shutoff  valves,  gover- 
nors, cranes,  and  auxiliary  equipment. 

Chapter  I  of  this  volume  contains  information  on 
mechanical  equipment  and  systems  which  have  been 
commonly  used  at  other  State  Water  Project  plants. 
Only  descriptions  of  equipment  peculiar  to  this  instal- 
lation are  included  in  the  following  sections. 

Turbines 

The  Powerplant  will  house  two  vertical-shaft  Fran- 
cis-type units  operating  at  300  rpm  and  having  a 
capacity  of  108,000  horsepower  each. 

Each  turbine  will  have  the  capacity  to  pass  1,550  cfs 
minimum  at  near  full  gate  opening.  The  turbine  dis- 
tributor centerline  setting  will  be  at  elevation  2,571.5 
feet  with  the  tailrace  channel  designed  to  provide  a 
water  surface  1.5  feet  below  the  turbine  centerline 
under  design  flow  conditions. 

The  turbine  spiral  casing  and  elbow-type  draft-tube 
liner  will  be  embedded  in  second-stage  concrete.  The 
turbine  will  be  designed  and  constructed  so  that  all 
removable  parts  may  be  hoisted  through  the  generator 
stator  by  the  main  powerplant  crane. 

Valves 

Each  unit  will  have  a  turbine  shutoff  valve  of  ap- 
proximately the  same  size  as  the  turbine  inlet.  The 
valve  will  be  the  spherical  double-seated  type  with  a 
hydraulic  cylinder  operator.  The  valve  will  be  com- 
plete with  an  electrohydraulic  actuating  and  control 
system  including  cabinet,  instruments,  controls,  sump 
and  pumps,  sequencing  unit,  accumulator,  and  piping. 

Governors 

Each  turbine  will  have  an  electrohydraulic  gover- 
nor similar  to  the  ones  installed  in  other  powerplants. 
They  will  provide  the  required  turbine  speed  and  load 
regulation  and  will  be  the  oil-pressure  cabinet-actua- 
tor type,  with  an  electrically  driven  speed  responsive 
element.  The  governor  will  be  complete  with  an  ac- 
tuator, restoring  mechanism,  cabinet,  instruments, 
controls,  accumulator,  pumps,  and  piping. 

Electrical  Features 

The  electrical  equipment  and  systems  will  be  of 
conventional  design  and  construction  for  a  two-unit 
hydroelectric  powerplant.  Both  generators  will  be  rat- 
ed 82,600  kVA,  95%  power  factor,  60  degree  Celsius 
rise,  13.8  kV,  300  rpm.  The  local  control  system  will 
provide  for  operation  from  the  plant  control  room. 
The  control  system  will  be  interfaced  with  the  area 
control  system  for  remote  operation. 
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The  following  engineering  drawings  may  be  found  in  consecutive  order  im- 
mediately after  this  reference  (Figures  852  through  857). 
Figure 
Number 

852  Plan  and  Profile 

853  General  Site  Plan 

854  General  Arrangement — Elevation  2,608.0 

855  General  Arrangement — Elevation  2,586.0 

856  General  Arrangement — Elevation  2,567.0 

857  General  Arrangement — Transverse  Section 
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Figure  852.     Plan  and  Profile 
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Figure   853.     General  Site  Plan 
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Figure   854.     Generol  Arrangement— Elevation  2,608.0 
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Figure  855.     General  Arrangement — Elevation  2,586.0 


725 


-*2«<  z 


N 


lL 


Figure   856.     General  Arrangement — Elevation  2,567.0 
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Figure  857.     General  Arrangement — Transverse  Section 
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CHAPTER  XIX.     COTTONWOOD  POWERPLANT 


General 

Location 

Cottonwood  Powerplant  is  being  designed  by  the 
Department  of  Water  Resources  and  is  presently 
scheduled  for  operation  in  1983.  The  plant  will  be 
located  approximately  10  miles  east  of  Gorman  and  4 
miles  north  of  Quail  Lake.  The  Powerplant  will  be  a 
part  of  the  "main  line"  California  Aqueduct  and  will 
be  located  adjacent  to  an  existing  energy-dissipation 
structure  (Figure  858). 

Purpose 

The  Powerplant  will  utilize  the  available  head  drop 
in  the  Aqueduct  downstream  of  the  bifurcation  with 
the  West  Branch  and  will  operate  in  conjunction  with 
scheduled  water  deliveries. 

Description 

The  Cottonwood  Powerplant  facilities  will  include 
the  plant,  penstock,  tailrace,  and  intake  structure.  The 
plant  intake  structure  will  be  constructed  as  a  modifi- 
cation to  the  existing  inlet  to  the  chute  and  dissipator. 
The  chute  and  energy-dissipation  features  of  the  exist- 
ing facility  will  be  retained  for  use  as  a  bypass  for  the 
plant  when  the  unit  is  inoperative. 

This  plant  will  contain  one  unit  rated  at  15  mega- 
watts with  a  static  head  of  140  feet.  The  maximum 
flow  through  the  unit  will  be  1,637  cubic  feet  per 
second,  and  total  annual  energy  production  will  be 
approximately  115  million  kWh. 

Geology 

Dominant  topographic  features  at  the  plant  site  are 
the  flat-topped  steep-sided  terraces  of  low  relief  bor- 
dering the  flat-floored  valley.  Geologic  formations  ex- 
posed near  the  site  include  a  pre-Tertiary  bedrock 
series,  lakebed  deposits,  and  Older  and  Younger  allu- 
vium of  Recent  Age. 

Uplift  of  the  Tehachapi  Mountains,  and  the  accom- 
panying faulting  and  erosion,  developed  in  irregular 
stages  over  a  long  period  of  time.  Most  of  the  faulting 
is  restricted  to  the  base  of  the  Tehachapi  Mountain 
front  and  does  not  extend  into  the  plant  area.  The 
recent  alluvium  and,  so  far  as  is  known,  the  Older 
alluvium  in  the  site  area  have  not  been  deformed. 

The  plant  site  is  approximately  4  miles  northeast  of 
the  San  Andreas  fault  zone  and  about  4  miles  south- 
east of  the  Garlock  fault  zone.  In  addition  to  these  two 
major  faults,  several  smaller  faults  traverse  the  west 
end  of  Antelope  Valley  and  transect  the  front  of  the 
Tehachapi  Mountains.  Although  there  is  good  evi- 
dence for  geologically  recent  movement  on  these 
faults,  only  the  San  Andreas  has  been  active  historical- 
ly. Further  movement  at  some  time  in  the  future  is  a 
probability,  and  some  damage  to  facilities  by  shaking 
is  possible. 


Civil  Features 

Site  Development 

Access  to  the  Powerplant  will  be  from  State  High- 
way 138  on  existing  project  roads.  Development  of  the 
plant  site  will  consist  of  modifying  the  existing  ener- 
gy-dissipation bowl  to  accommodate  the  proposed 
structure. 

Plant  Structure 

The  substructure  will  be  approximately  78  feet 
long,  83  feet  wide,  and  70  feet  deep,  constructed  of 
reinforced  concrete.  The  superstructure  will  be  ap- 
proximately 40  feet  high,  constructed  of  rigid  frames 
enclosed  with  insulated  metal  siding  and  concrete 
block  walls.  The  roof  will  be  metal  decking  covered 
with  built-up  composition  roofing. 

Waterways 

The  intake  to  the  penstock  will  be  a  modification  of 
the  existing  inlet  structure  and  will  utilize  one  of  the 
existing  radial  gates  for  inlet  control  to  the  penstock. 

The  penstock  will  be  an  1 1 -foot-diameter,  pres- 
tressed-concrete,  buried  pipe  approximately  3,500  feet 
long. 

The  tailrace  outlet  transition  will  join  the  canal  just 
downstream  of  the  existing  energy-dissipator  stilling 
basin.  Formed  concrete  walls  and  a  sloped,  paved, 
transition  section  will  connect  the  powerplant  tailrace 
to  the  existing  canal. 

Mechanical  Features 

Mechanical  features  at  Cottonwood  Powerplant 
will  include  a  turbine,  governor,  crane,  and  auxiliary 
equipment.  No  turbine  shutoff  valve  will  be  provided 
at  this  installation,  since  this  will  be  a  single-unit  plant 
with  one  penstock;  a  radial  gate  at  the  intake  is  pro- 
vided for  penstock  closure  for  maintenance. 

Chapter  I  of  this  volume  contains  information  on 
mechanical  equipment  and  systems  which  have  been 
commonly  used  at  other  project  plants.  Descriptions 
of  equipment  expected  to  be  used  at  this  installation 
are  included  in  the  following  sections. 

Turbine 

The  Powerplant  will  contain  one  vertical-shaft 
Francis-type  unit  operating  at  200  rpm  with  a  capacity 
of  22,500  horsepower.  The  turbine  will  be  direct-con- 
nected to  a  vertical-shaft  synchronous  generator.  The 
distributor  centerline  setting  will  be  at  elevation  2,963 
feet,  4  feet  above  the  normal  tailwater  surface. 

The  spiral  casing  and  draft-tube  liner  will  be  em- 
bedded in  the  second-stage  concrete  of  the  plant  sub- 
structure. The  turbine  will  be  designed  to  permit 
removal  of  parts  through  the  generator  stator  by  the 
main  powerplant  crane. 
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Governor 

The  governor  will  provide  turbine  speed  regulation 
and  will  be  an  oil-pressure  cabinet-actuator  type  with 
an  electrically  driven  speed  responsive  element.  It  will 
be  complete  with  an  actuator,  restoring  mechanism, 
cabinet,  instruments,  controls,  accumulator,  pumps, 
and  piping. 

Crane 

The  crane  will  be  a  100-ton,  electric,  overhead,  sin- 
gle-trolley, cab-operated,  bridge  type  with  a  span  of 
approximately  59  feet  and  will  be  used  for  equipment 
installation  and  maintenance. 


Electrical  Features 

Electrical  equipment  and  systems  will  be  of  conven- 
tional design  and  construction  for  a  single-unit  hy- 
droelectric power  plant.  The  generator  will  be  rated 
18,000  kYA,  95%  power  factor,  60  degree  Celsius  rise, 
13.8  kV,  200  rpm.  The  local  control  system  will  pro- 
vide for  operation  of  the  unit  from  the  plant  control 
room.  The  local  control  system  will  be  interfaced  with 
the  Castaic  Area  Control  Center  for  remote  operation. 
No  switchyard  will  be  provided  on-site.  Switching  for 
the  plant  will  be  provided  by  an  extension  of  the  exist- 
ing switchyard  at  nearby  Oso  Pumping  Plant  with 
interconnecting  transmission  lines. 
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APPENDIX  B 
CONSULTING  BOARDS  AND  ORGANIZATIONS 


Earthquake  Analysis  Board 

Dr.  Clarence  Allen 
Dr.  Hugo  Benioff 
Dr.  John  Blume 
Dr.  Bruce  Bolt 
Dr.  George  Housner 
Dr.  H.  Bolton  Seed 
Dr.  James  L.  Sherard 
Mr.  Nathan  D.  Whitman 

Oroville  Dam  Consulting  Board 

Mr.  A.  H.  Ayers 
Mr.  John  Hammond 
Mr.  Raymond  A.  Hill 
Mr.  J.  Donovan  Jacobs 
Mr.  Thomas  A.  Lang 
Mr.  Roger  Rhoades 
Dr.  Philip  C.  Rutledge 
Mr.  Byram  W.  Steele 
Mr.  B.  E.  Torpen 

Tehachapi  Crossing  Consulting  Board 

Major  General  John  R.  Hardin,  Ret. 

Mr.  Russell  Hornberger 

Mr.  Thomas  Leps 

Mr.  Elmer  C.  Marliave 

Dr.  Frank  A.  Nickell 

Mr.  John  Parmakian 

Mr.  Louis  Puis 

Mr.  Robert  Sailer 


This  board  advised  the  Department  concerning  the 
evaluation  of  probable  seismic  effects  at  anv  given  site 
or  area  and  on  the  development  of  rational  procedures 
for  seismic  design  of  hydraulic  structures. 


This  board  advised  the  Department's  engineers  on 
design  and  construction  of  Oroville  Dam  and  Hyatt- 
Thermalito  power  complex. 


This  board  advised  the  Department's  engineers  on  the 
design  and  construction  of  the  Tehachapi  crossing. 
The  Tehachapi  crossing,  insofar  as  the  Board's  assign- 
ment was  concerned,  extends  from  the  Buena  Vista 
Pumping  Plant  on  the  California  Aqueduct  to  Castaic 
reservoir  outlet  works  at  the  end  of  the  West  Branch 
but  excludes  both  Pyramid  and  Castaic  Dams.  Their 
assignment  also  included  the  Pearblossom  Pumping 
Plant,  Devil  Canyon  Powerplant,  and  the  San  Bernar- 
dino Tunnel  on  the  "main  line"  (East  Branch)  of  the 
California  Aqueduct. 


International  Engineering  Company — San  Francisco,  California 
Designs,  plans,  and  specifications  for: 
Wind  Gap  Pumping  Plant 
Hyatt-Thermalito-Table  Mountain  Transmission  Line 

Bechtel  Corporation — San  Francisco,  California 
Designs,  plans,  and  specifications  for: 
Oso  Pumping  Plant 

Sverdrup  and  Parcel  &  Associates — San  Francisco,  California 
Designs,  plans,  and  specifications  for: 

Edward  Hyatt  Powerplant  Intake  Gate  and  Gantry  Cranes 

Daniel,  Mann,  Johnson,  &  Mendenhall — Los  Angeles,  California 
A.  D.  Edmonston  Pumping  Plant  Pump  Model  Program 
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University  of  California  at  Davis,  California 
Model  studies  for: 

A.  D.  Edmonston  Pumping  Plant  Intake  Hydraulics 
Thermalito  Powerplant  Intake  Hydraulics 
Angeles  Tunnel  Intake  Hydraulics 
Edward  Hyatt  Intake  Hydraulics  During  Pumpback 

U.  S.  Bureau  of  Reclamation — Denver,  Colorado 
Model  studies  for: 

Edward  Hyatt  Intake  Gate  Hydraulics  During  Pumpback 
Edward  Hyatt  Draft-Tube  Connections  and  Tailrace  Surges 
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CONVERSION  FACTORS 


English  to  Metric  System  of  Measurement 


To  get 

Quantity 

Engl  ish  unit 

Multiply  by 

metric  equivalent 

Length 

inches 

2.54 

centimeters 

feet 

30.48 

centimeters 

0.3048 

meters 

0.0003048 

kilometers 

yards 

0.9144 

meters 

mi  les 

1,609.3 

meters 

1.6093 

ki  lometers 

Area 

square  inches 

6.4516 

square  centimeters 

square  feet 

929.03 

square  centimeters 

square  yards 

0.83613 

square  meters 

acres 

0.40469 

hectares 

4,046.9 

square  meters 

0.0040469 

square  ki  lometers 

square  mi  les 

2.5898 

square  ki  lometers 

Volume 

gallons 

3,785.4 

cubic  centimeters 

0.0037854 

cubic  meters 

3.7854 

1  iters 

acre-feet 

1,233.5 

cubic  meters 

1,233,500.0 

1  iters 

cubic  inches 

16.387 

cubic  centimeters 

cubic  feet 

0.028317 

cubic  meters 

cubic  yards 

0.76455 

cubic  meters 

764.55 

1  iters 

Veloc  ity 

feet  per  second 

0.3048 

meters  per  second 

mi  les  per  hour 

1.6093 

ki  lometers  per  hour 

Discharge 

cubic  feet  per  second 

or 
second-feet 

0.028317 

cubic  meters  per  second 

Weight 

pounds 

0.45359 

ki  lograms 

tons  (2,000  pounds) 

0.90718 

tons  (metric) 

Power 

horsepower 

0.7460 

kilowatts 
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23  DAMS  AND 

RESERVOIRS 

Name   or  Reservo 

Reservo 

rs 

Dams 

Capacity*  ISurface 
(  *cre.         Area 
r             feet)        (acres) 

Shore- 
line 
(miles) 

Struc-         Crest 
tural         Eleva- 
Heighi         lion(2 
(feet)         (feet) 

Crest 
Length 
(feet) 

"feu" 

Frenchman   Lake 

S5.477 
22.566 
64,371 
45.000 
16.000 

3.537.577 

1-1.328 

11.768 
57.04  1 

28.653 

1.580 

931 

4.026 

1.950 

900 

15.805 

52 

4.302 

2,109 

161 

1.060 

12.700 

2,700 
623 

5S0 

976 

2,318 
1,297 

2.235 

21 
15 
32 
21 
15 

to 

2b 

12 

13 
10 
21 

29 

533 

139            5.607 

120  5.025 
132            5.785 

100           5.754 

770                922 

143                2U 

91                 231 
39                 142 

30                   14 

121  250 
235                773 
385                5S4 

88                 233 
167                 384 
152                 676 
190            2.790 

249            3,378 
128             1.600 
400            2.606 
200             1.550 
425             1.535 

720 
1.320 

800 
1.150 

6.920 

1  ,300 

600 

15.900 

4  2.000 

36.500 

3,940 

880 

18,600 

14,350 
1.370 
1.440 
2.230 

2.230 
I  1.600 
1.090 
1.990 
4,900 

172.880 

537.000 
380.000 
253.000 
500.000 

80.000.000 

10.500 
1.840.000 
5.020.000 

2.440.000 

77.645,000 

i  000,000 

1.210.000 
3.130.000 

7.600,000 
20.000.000 
6.860.000 
b.  000. 000 
46,000.000 

Lake   Davis... 

Abbey    Bridge. 

Thermalito  Diversion 

Fish  Barrier   Pool 
Thermalito    Forebay  . 
Thermalito  After  bay. 

Clifton  Court    Forebe 

7  7    10b 

San  Luis 

O'Neill  Forebay 

Los  Banoi  

L.ttle    Panorhe 

..   2.038.771 

56.426 
34.562 
13.236 

Silverwood  Lake 

74.970 

Elderberry  Forebay 

28,231 

Total. 

6.848.617 

58,072 

70.629,500 

DAI  ma* .mum  normal 

oper.ung   lev 
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Nr 

» 

Static 
Head 
(feet) 

Total 

Flow 

(cubic 

Total 
Motor 
Rating 

Maximum 

Energy 

(kilowait- 

Thermahto  (pumpe 

7tr"Z 

"'              3 

3 

500    660< 
85     102* 

0/381 

244 
99    327< 

1  13 

205 
233 

540 

55 
151 
409 

810 

5,6  10 
9.000 

120 
48 

120 

10.303 

1  1.000 
5,762 

13.200 
7.100 

5.049 
4.598 
4.4  10 
4.095 

3,128 
4  50 
4  50 
126 

2 1 .800 
10.900 

519.000 
120.000 

600 

900 

3.100 

27.750 

333.000 

504.000 
264.000 

130.000 
136,000 

308,000 
.040,000 
113.200 

93.800 
4,050 

10,500 
8,000 
6.500 

16.000 

46S.000.000 
9  1.000.000 

3,000.000 
I  4,000,000 

166,000,000 
2.000.000 

3  13.000.000 

607.000.000 
746,000,000 

5.916,000,000 
647,000.000 

20,000,000 
56,000,000 
5  1,000.000 
4  1.000.000 
101,000.000 

88,000  000 

6 

3 

Sou,HB.,Aqu,„u 

r. 

Del  Valle 

4 

California   Aquedu 

,  e»i„ 

.„.,: 

10 

Wheeler  Ridge 

' 

A.  D.  Edmonaton 

J4 

6 

-1  (br«nc 

..): 

6 

4 

Sawtooth 

4 

Polonio 

4 

Peripheral  Canal 

Total.  State  Sh 

,« 

3,691,000.000 

]>   Minimum  and  ma 

i°Er 

it.t 
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Frenchman  Lake     68.43 

Antelope   Lake.- 27.84 

Lake  Dav.s    104.07 

Abbey   Bridge     S5.51 

Dine  Refuge  19.74 

Lake  Orovllle    4.363.60 

Fish    Barrier  Pool      0.72 

Thermalno   Forebay    ......  14.52 

Thennalito  Afterbay  70.36 

Clifton  Court 

Bethany   . — ■  5.93 

Lake  Del  Valle  95.11 

San   Luis 2.514.82 

O'Neill   Forebay    69.60 

Loa  Banoa  42.63 

L.ttle   Panoche    16.33 

Butte.     26.89 

erwood  Lake  92.48 

«.  Pema      162.15 

trberry  Forebay 34-82 

taic   Lake     399.29 

Totals  8.447  79 


70 

4.846 

1.406.800 

43 

12.802 
11.125 

3.838.000 
1.865,500 

1,201 

1.070.300 

36 

268 

3.172.900 

7. 

5.669 

59.363.500 

2.293,700 
1.605.600 

439 

925.100 

50 

680 

2.393.000 

130 

680 

5.810.600 

HK 

3.536 

15.291,000 

4-4 

332 

5.244.800 

172 

607 

4.587,300 

168 

1.494 

35.169.300 

52.695         206. < 
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